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CELL/TISSUE CULTURING DEVICE, SYSTEM AND METHOD 
FIELD OF THE INVENTION 

The invention is of a device, system and method for cell/tissue culture, and in 
particular, of such a device, system and method for plant cell culture. 

5 

BACKGROUND OF THE INVENTION 

Cell and tissue culture techniques have been available for many years and are 
well Imown in the art. The prospect of using such culturing techniques economically 
is for the extraction of secondary metabolites, such as pharmaceutical^ active 

10 compounds, various substances to be used in cosmetics, hormones, enzymes, 
proteins, antigens, food additives and natural pesticides, from a harvest of the 
cultured* ceUs<>r tissues. While potentially lucrative, this prospect has nevertheless 
not been effectively exploited with industrial scale bioreactors which use slow 
growing plant ^d isuwnal pell cultures, because of the high capital costs involved, 

15 Backj^bund art technology for the production of cell and/or tissue culture at 

industrial scde> to be used for the production of such materials, is currently based on 
glass bioreact6rs :and stainless steel bioreactors, which are expensive capital items. 
Furthermore; these- types pf industrial bioreactors comprise complicated and 
expensive mixing -technologies such as impellers powered through expensive and 

20 complicated sterile seals; sorrie experisive fermentors comprise an airlift multipart 
construction. . ^ of these bioreactors often requires the 

implementation df aeration technologies which constantly need to be improved. In 
addition, siich ^ to the peak volume capacity that is 

required at the time. Thus, problems arise when scaling up from pilot plant 

25 fermentors to large-scale fermentors, or when the need arises to increase production 
beyond the capacity of existing bioreactors. The current alternative to a large- 
capacity foofeacfd^ number of smaller glass or stainless steel 
bioreactors :^jfioseV total y plume capacity- matches requirements, while offering a 
degree of fLe^jMfy* Tor ihbreasing or reducing overall capacity, is nevertheless much 

30 more experisiye v^an :'i|xe -f^idsion of a single larger bioreactor. Furthermore, 
running Cpgjts:^ and stainless steel bioreactors are also high, 

due to low yi^ sterilize the bioreactors after every 



WO 2005/080544 



PCT/IL2005/000228 



2 

cxilturing cycle. Cons^qtientlyj the products extracted from cells or tissues grown in 
such bioreactors lare .exipensiye, and cannot at present compete commercially with 
comparable, .prbdjicte produced with alternative techniques. In fact, only one 
Japanese conip^n^!is known to use the aforementioned cell/tissue culture technique 
5 commerci^y^^ing starless- steel bioreactors. This company produces Shikonin, a 
compound which £s nksed almost exclusively in Japan. 

Indi^triaL scale, aiid even large scale, bioreactor devices are traditionally 
permanent of ^r^-pennaheht. components, and no disclosure nor suggestion of the 
concept of a disposable bioreactor device for solving the aforementioned problems 

10 regarding large' scale cell/tissue culture production is known of. On the contrary, 
disposable fe^entdirs and bioreactor devices are well known and exclusively 
directed to very small scale production volumes, such as in home brewing and for 
laboratory work : These bioreactor devices generally comprise a disposable bag 
which is t^idally cut open in order to harvest the cell/tissue yield, thus destroying 

1 5 any further us^^Slbpiess of the bag. One such known disposable bioreactor is produced 
by Osmptqc ? Israel, ^Agritech Israel, issue No. 1, Fall 1997, page 19) for small-scale 
use such a$in-^ This bioreactor comprises a conical bag having 

an inlet throu^ ^hiich culture medium, air, inoculant and other optional additives 
may be introduced and has a volume of only about 1.5 liters. Aeration is performed 

20 by introducing ;;very small air bubbles which, in many cases, results in damage to 
cells, pa^culsffly 'ih the. caise .bf plant cell cultures. In particular, these bags are 
specifically 4e?i^ed for a single c^ture/harvest cycle only, and the bag contents are 
removed by cutting, off the bottom of the bag. These bags are therefore not directed 
towards an ekjpnqnucai solution to the question of providing industrial quantities of 

25 the materials; to be pxfracted from the culture, as discussed above. 

The tenn ' l 4isp6sable M in the present application means that the devices (bags, 
bioreactors etp.)^e desired to be discarded after use with only negligible, loss. 
Thus devices Aaide frona stainless steel or glass are necessarily expensive devices and 
do not cbn^titftte^^ for the operator of such devices. On the other hand, 

30 devices madpi ft^ flexible plastics, for example, are relatively 

inexpensive ^d^ma^ are, disposed of after use with negligible 

economic 1oj?|;£^ of these bioreactor devices does not generally 

present an econoitELic disadv^tage to .the user, since even the low capital costs of 
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these items is. offset against ease of use, storage and other practical considerations. 
In fact, at the small scale production levels to which these devices are directed, such 
is the economy, of the devices that there is no motivation to increase the complexity 
of the device or its; bperation.inorder to allow such a device to be used repeatedly for 
5 more than one ^c^tunnj^abrvesting cycle. 

Further^ :&te*ile venditions outside the disposable bioreactor devices are 
neither needed , nor possible many cases, and thus once opened to extract the 
harvestable ytjpld^ii " is neither cost-effective, nor practical, nor often possible to 
maintain the opting; sterile, leading to contamination of the bag and whatever 

10 contents may yemaii; ihsidfc. Thus, these disposable devices have no further use after 
one culturing cycle: 

Disjpo^dble bioreactor devices are thus relatively inexpensive for the 
quantities and ijproduction volumes which are typically required by non-industrial- 
scale users, and aire relatively easy to use by non-professional personnel. In fact it is 

15 this aspect of simgilicity of use and low economic cost, which is related to the low 
production volumes , of the ^disposable devices, that is a major attraction of disposable 
bioreactor deuces • Thxts,;the prior art disposable bioreactor devices have very little 
in common witli : ^ bioreactors— structurally, operationally or in the 

economics of scal<^-and ^ teach away from providing a solution to the problems 

20 associated with industrial scale bioreactors, rather than in any way disclosing or 
suggesting suph a solution^ ! 

Another jgeld in which some advances have been made in terms of 
experimental, cir ; labpfat6^ w6rk, whil6 still not being, useful for industrial-scale 
processes, is: pl&nt:' cell culture. : Proteins for pharmaceutical use have been 

25 traditionally pfbduced in ^ mammalian or bacterial expression systems. In the past 
decade a new expression system has been, developed in plants. This methodology 
utilizes .Agfoj3a;cterium, : ; a bacteria capable of inserting single stranded DNA 
molecules .(T^DKA) , into the plant genome. Due to the relative simplicity of 
introducing geiies ^ for mass production of proteins atid peptides, this methodology is 

30 becoming increasjfijgly popular as an alternative protein expression system (Ma, J. K. 
C, Drake, PM^'M P. (2003) Nature reviews 4, 794-805). 
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SUMMARY OF TtiDB INVENTION 

The baek^rpuhd art does not teach or suggest a device, system or method for 
industrial-scale production of materials through plant or animal cell culture with a 
disposable device> The background art also does not teach or suggest such a device, 
system or method for industrial-scale plant cell culture. 

Tfre present W these deficiencies of the background art by 

providing, a -deyipej system and method for axenically culturing and harvesting cells 
and/or tissues,,-; including bibjeactors and fermentors. The device is preferably 
disposable but nevertheless may be used , continuously for a plurality of consecutive 
cxdturing/h^esting cycles prior to disposal of same. This invention also relates to 
batteries of such devices which may be used for large-scale production of cells and 
tissues.. 

According to preferred embodiments of the present invention, the present 
invention is adapted :for use with plant cell culture, for example by providing a low 
shear force while* still maintaining the proper flow of gas and/or liquids, and/or while 
maintaining the proper mixing conditions within the container of the device of the 
present invention. \ For example, optionally and preferably the cells are grown in 
suspension, aM a^ air through the medium, although optionally any 

other gas of gats cpmliinatibn could be used) is performed such that low shear force is 
present. To assist the. maintenance of low shear force, optionally and preferably the 
container for wnjtaining Jflie cell culture is made from a flexible material and is also 
at least rounded; in: Shape; and is more preferably cylindrical and/or spherical in 
shape. These .^hj^actprislics also optionally provide an optional but preferred aspect 
of the container, which is maintenance of even flow and even shear forces. 

It should be;hoted that the phrase c< plant cell culture" as used herein includes 
any type of native (naturally occurring) plant cells or genetically modified plant cells 
(e.g., transgenic . and/or -Otherwise genetically engineered plant cell that is grown in 
culture) which ^^s production thereof or of an active ingredient expressed therein 
is commercially d?sired; : for tise in the clinic (e.g., therapeutic), food industry (e.g., 
flavor, arori^a^ pesticide), cosmetics, etc. The genetic engineering 

may optionally beVstabje orfransient. In stable transformation, the nucleic acid 
molecule of tfo^p^^ into the plant genome and as such it 

represent a $t^ trait In transient transformation, the nucleic acid 
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molecule is. expressed by the cell transformed but it is not integrated into the genome 
and as such it represents a transient trait. 

Preferably, the culture features cells that are not assembled to form a 
complete plant; 'such that at least one biological structure of a plant is not present. 
5 Optionally aid r £r^ may feature a plurality of different types of 

plant ceUs,btit^ It should 

be noted that ^plion^lyi-piant; cultures featuring a particular type of plant cell may be 
originally dejived^ftom a plurality of different types of such plant cells. 

The ptant?^ be any type of plant cell but is optionally and 

10 preferably a pjant TOot cell (i.e. a cell derived from, obtained from, or originally 
based upon* a -pl&nt rqot) ? ;i]npre . preferably a plant root cell selected from the group 
consisting of, a c^lety ce%a gingei: cell, a horseradish cell and a carrot cell. It will be 
appreciated that jpl^t ceUs bngm from structures other than roots can be 
transformed with Agrobacterium rhizogenes, inducing hairy root cell development 
15 (see, for example,- US Patent No. 4,588,693 to Strobel et al). Thus, as described 
hereinabove* iiid detailed in the Examples section below, the plant root cell may be 
anAgrobactemUmrhizbgf n root cell. 

pplibh^i^aiid preferably, the plant cells are grown in suspension. The plant 
cell may pptjpnaLUy^aJtep vbe k plant leaf cell or a plant shoot cell, which are 
20 respectively celfe;d.erived ^froin, obtained from* or originally based upon, a plant leaf 
or a plant shppt .0? ; \? '■' ■ 

In a jiref^ plant root cell is a carrot cell. It should be 

noted that the" tr^forixi^cf; iairot cells of the invention are preferably grown in 
. suspension. A&.r^^ above and described in the Examples, these cells were 

25 transfonned ^tjj ''^^Jg^bacterttm tumefaciens cells. According to a preferred 
embodiment of the present invention, any suitable type of bacterial cell may 
optionally bev justed for such , a transformation, but preferably, an Agrobacterium 
tumefaciens cell jsj:iutfB^&r -ipfectio^ the preferred plant host cells described below. 
Alternatively, such a frahsfbnn^tioni pr transection could optionally be based upon a . 
30 virus, for example ;a viral vector and/or viral infection. 

According £to • pr^ierted embodiments of the present invention, -there is 
provided a -de^ disposable container for 

culturing pl^^^ is preferably capable of being used 
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continuously for at least one &r&er consecutive culturing/harvesting cycle, such that 
"disposable" does not restrict the container to only a single culturing/harvesting 
cycle. More preferably; the device further comprises a reusable harvester comprising 
a flow controller, for enabling harvesting of at least a desired portion of the medium 
5 containing cells arid/or tissues when desired, thereby enabling the device to be used 
continuously culturing/harvesting cycle. 

Option^y p^ maintains sterility of a remainder of 

the medium <&ntainmg>^ such that the remainder of the medium 

remaining froiri ^;previous harvested cycle, serves as inoculant for a next culture and 
10 harvest cycle;-- • ' • : 

Accordmg^p ptfi of the present invention, there is provided a 

device, syst^ii; ! aad vmetiod which are suitable for culturing any type of cell and/or 
tissue. Prefeabl^- ^^flie-pr^ent invention is used for culturing a host cell. A host cell 
according to. ^ may optionally be transformed or transfected 

15 (penna^ently^d/pjr ^ transiently) with a recombinant nucleic acid molecule encoding 
a protein of interest oi^with ari expression vector comprising the nucleic acid 
molecule. Such 'fBLUcleic add molecule comprises a first nucleic acid sequence 
encoding the protein of interest, optionally operably linked to one or more additional 
nucleic acid sequ^ces, encoding a signal peptide or peptides of interest. It should be 

20 noted that ^ term "operably" linked does not necessarily refer to 

■ physicdlhfca^l^ 

''C^s^^ or "recombinant host cells" are terms used 

' -mterchaage^^ understood - that . such terms refer not only to the 

particuto subj^^ to the progeny or potential progeny of such a cell. 

25 Because. e0rt^.^ occur in succeeding generation due to either 

mutation or en^ such progeny may not, in fact, be identical to 

the parent celt But; are still ^ kblud^ . within the scope of the term as used herein. 
"Host cell" as; used Wem refers to cells which can be recombinantly transformed 
with naked jot ^ exprbssfion vectors constructed using recombinant DNA 

30 techniques. . As i . ;.:ierein, the term "transaction" means the introduction of a 
nucleic acid, ;^ or an expression vector, into a recipient cells by 

nucleic abi^ as used herein, refers to a 

process in^w^ch?^ as a result of the cellular uptake of 
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exogenous .!DNA M RNA, and, for example, the transformed cell expresses a 
recombinant form of the desired protein. 

Both monocotyledbnous and dicotyledonous plant cell cultures are suitable for 
use with the methods and devices of the present invention. There are various methods 

5 of introducing /foreign genes into both monocotyledonous and dicotyledonous plants 
(Potrykus, L; A^i. Rev. Plant. Physiol., Plant. Mol. Biol. (1991) 42:205-225; 
Shimamotoet^N^ 

The p^Gij^le methods of causing stable integration of exogenous DNA into 
plant genorrdp;0^^ include tWo main approaches: 

10 Q) : ^^^?^ l ^ L:Ifle ^^ e ^ £ ene fr 31 ^^ Kl ee et (1987) Annu. Rev. 

Plant Physiolft- S^67-4S6; Klee. and Rogers in Cell Culture and Somatic Cell 
Genetics of Plant?/: Vol. 6, -Molecular Biology of Plant Nuclear Genes, eds. Schell, J., 
and Vasil, L. '^^^d^c.PuJilisIiers, San Diego, Calif. (1989) p. 2-25; Gatenby, 
in Plant BiOtec^plpgy, eds. Kung,.S. and Amtzen, C. J., Butterworth Publishers, 

15 Boston, Mass; ?(198?)p. 93-112. 

(ii) d^Pt^DlSiA uptake: Paszkowski et al., in Cell Culture and Somatic Cell 
Genetics of Flants, VdL 6 5 Molecular Biology of Plant Nuclear Genes eds. Schell, J., 
and Vasil, LI ^/ Academic Publishers, San Diego, Calif. (1989) p. 52-68; including 
methods for direct uptake of DNA into protoplasts, Toriyama, K. et al. (1988) 

20 Bio/TecWold^6:;1072-lp74. DNA uptake induced by brief electric shock of plant 
cells: Zhang, et -^Piaitf 42ell Rep..(1988) 7:379-384. Fromm et al. Nature (1986) 
319:791-793. '^S^^r^J^^^'i^ plant cells or tissues by particle bombardment, 
Klein et aLB*^ McCabe et al. Bio/Technology (1988) 

6:923-9^•V^^^^^ ,: ^^9^ : . (1990) 79:206-209; by the use of micropipette 

25 # systems:' -^i^k^ycit Jlieor, Appl. Genet. (1987) 75:30-36; Neuhaus and 
Spang^b>:g- 79:213-217; glass fibers or silicon carbide 
whisker ^ cultures, embryos or callus tissue, U.S. Pat. No.. 

5,464,765 pr with germinating pollen, DeWet et al. 

in Experimeii^ Chapman, G. P. and Mantell, S. 

30 H. and Daniels, W. 197-209; and Ohta, Proc. Nati. 

Acad. Spi 

Tfce. A^db^teriwn system includes the use of plasmid vectors that contain 
defined 1^ genomic DNA. Methods of 
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inoculation of , tjie -plant tissue vary depending upon the plant species and the 
Agrobacterium delivery system. A widely used approach is the leaf disc procedure 
which can be performed with any tissue explant that provides a good source for 
initiation of whole plant differentiation. Horsch et al. in Plant Molecular Biology 
Manual AS, Kluwer Academic Publishers, Dordrecht (1988) p. 1-9. A supplementary 
approach employs the Agrobacterhnn delivery system in combination with vacuum 
infiltration. .^The. Agrobacterium system is especially viable in the creation of 
transgenic dicptyi^endus plants. 

There ; $r&' : Various methods of direct DNA transfer into plant cells. In 
electroporationi; ^6 protoplasts are briefly exposed to a strong electric field. In 
inicroinjectibi^ the : DNA is" mechanically injected directly into the cells using very 
small Mcropi£e#^ bombardment, the DNA is adsorbed on 

microprojectiles ;such ;a^ sulfate crystals or tungsten particles, and the 

micropioj ectilles &re :physic;EtUy ; accelerated into cells or plant tissues. 

FoUbwih^ stable transformation plant propagation can be exercised. The most 
common, method: of plant propagation is by seed, or by micropropagation, which 
involves tissub culturing, tissue culture multiplication, differentiation and plant 
formation. 

Although stable transformation is presently preferred, transient transformation 
of leaf cells, root , cells, , meristematic cells or other cells is also envisaged by the 
present invent!*^ 

Transi^t^ can -be effected by any of the direct DNA transfer 

methods d^cri^^ dbpve. or by viral infection using modified plant viruses. 

ViraseS .^thayelbeeii shown to be useful for the transformation of plant hosts 
include Gaft^, ; T3S^ im& BV. Transformation of plants using plant viruses is 
described k;^:^->&tl-No. • 4,855,237 (BGV), EP-A 67,553 (TMV), Japanese 
Published Aj^^l^ No^ ^3-14693 (TMV), EPA 194,809 (BV), EPA 278,667 
(BV); and Giti^an,; Y . et .al.', Communications in Molecular Biology: Viral Vectors, 
Cold Spring ^#o^Laboratory, New York, pp. 172-189 (1988). Pseudovirus 
particles- for :&e;^ expr&sing foreign DNA in many hosts, including plants, is 
described m^Q87^626l\ 

Gohstr^ctipn; 0f plant RNA viruses for the introduction and expression of non- 
viral exogeho^^hucieic acid sequences , in plants is demonstrated by. the above 
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references as^vw^ W. O. et al., Virology (1989) 172:285-292; 

Takamatsu et al^ EMb6 J. . (1987) 6:307-311; French et al. Science (1986) 
231:1294-1297; arid Takamatsu et aj. FEBS Letters (1990) 269:73-76. 

When the virus is a DNA -virus, suitable modifications can be made to the 
5 virus itself. Alternatively, the virus can first be cloned into a bacterial plasmid for 
ease of constructing the desired virai vector with the foreign DNA. The virus can 
then be excised from theplasmid. . If the virus is a DNA virus, a bacterial origin of 
replication can be attached to the viral DNA, which is then replicated by the bacteria. 
Transcription ^d frato DNA will produce the coat protein which will 

10 encapsidate ; Ihft v&al pNAi If the virus is an RNA virus, the virus is generally cloned 
as a cDTnTA ah& ^ &s^ed;iiito a plasmid. The plasmid is then used to make all of the 
constructions; ^The^ then produced by transcribing the viral sequence of 

the plasrind ;^d^^ genes to produce the coat protein(s) which 

encapsidate the v^^ KNA: 

15 Gonstrucfi^n -of plant l^A viruses for the introduction and expression in 

plants of noh^yiral exogenous nucleic acid sequences such as those included in the 
construct of the present invention is demonstrated by the above references as well as 
inU.S. Pat. N$ 5,316,931: / 

The viral Rectors are encapsidated by the coat proteins encoded by the 

20 recombinant plant: viral nucleic acid to produce, a recombinant plant virus. The 
recombinant plant: ykal: nucleic acid or recombinant plant virus is used to infect 
appropriate hqsi ^^ts, : The recombinant plant viral nucleic acid is capable of 
replication ini^ in the host, and transcription or expression of 

foreign gene(s):^ acid) in the host to produce the desired protein. 

25 A pol^bgtide c^ ^o be expressed in the chromoplast. A technique for 

introducing exogerious nucleic acid sequences to the genome of the chromoplasts is 
known. TMsyieclM following procedures. First, plant cells are 

chemically treated ;so ^\as to reduce the number of chromoplasts per cell to about one. 
Then, the* eHogenpiis pieieic acid is introduced via particle bombardment into the 

30 cells with the -aim of iritiibdticirig at least one exogenous nucleic acid molecule into 
the chromoplasts,^ The exogenous nucleic acid is selected such that it is integratable 
; into the chromopl^st's -genome via homologous recombination , which is readily 
effected by etrzypai^s inherent tq the. chromoiplast. To this end, the exogenous nucleic 
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acid includes, in addition to a gene of interest, at least one nucleic acid stretch which 
is derived from the. chromoplast's genome. In addition, the exogenous nucleic acid 
includes a selectable marker^ which serves by sequential selection procedures to 
ascertain that - all : or substantially all of the copies of the chromoplast genomes 
5 following such selection will include the exogenous nucleic acid. Further details 
relating to tl^^ technique are found in U.S. Pat. Nos. 4,945,050; and 5,693,507 
which are iricb^prated herein by reference. A polypeptide can thus be produced by 
the protein expression system of the chromoplast and become integrated into the 
chromoplast's inner membrane. 

10 It shoiijd be appreciated that a drug resistance or other selectable marker is 

intended iff : ^ selection of the transformants. Additionally, the 

presence of a^ such as drug resistance marker may be of use in 

detecting the {jres^i^e of contaminating microorganisms in the Culture, and/or in the 
case of a resiSt^c^ma upon resistance to a chemical or other factor, the 

15. selection <X)ii^tipn(s)^ /may .also optionally and preferably prevent undesirable and/or 
amtammatmg;iia^ multiplying in the culture medium. Such a pure 

culture of the%ansformed host ^ cell: would be obtained by culturing the cells under 
conditions which ^are:required for the induced phenotype's survival. 

As indicated above, the host cells of the invention may be transfected or 

20 transformed with a nucleic acid molecule. As used herein, the term "nucleic acid" 
refers to polynucleotides such as deoxyribonucleic acid (DNA), and, where 
appropriate^ ribonucleic : £ci d (RNA). The terms should also be understood to 
include, W 6f .either RNA or DNA made from nucleotide 

analogs, -ai^^-^^^lifig'^e- embodiment being described, single-stranded (such 

25 as sense or iuitiSei&e) ^ ^i|idouble-sttand^ polynucleotides. 

M yet ^dtiiCT. embodiment, the host cell of the invention may be transfected 
or fc^msfpTOed;-^ comprising the recombinant nucleic acid 

molecule. 'TZXgittkiQn VedtQjrs^, as used herein, encompass vectors such as plasmids, 
viruses, bact^6|>hage 3 integratabIe:«DNA .fragments, and other vehicles, which 

30 enable the integration :pf t)NA fragments into the genome of the host. Expression 
vectors are ^ic^ly^self^ or RNA constructs containing the desired 

gene or its /fragmfjeriits, ajid pperably linked genetic control elements that are 
recognized ih ^a sniffle host cell and effect expression of the desired genes. These 



WO 2005/080544 PCT/IL2005/000228 

control el^i^t$ ; are. capable of effecting expression within a suitable host 
Generally/ the genetic cohtrp| elements can include a prokaryotic promoter system or 
a eukaryotic promoter expression control system. Such system typically includes a 
transcriptional . pfdibaoter/ an optional operator to control the onset of transcription, 
transcription eiihancers tq elevate the level of RNA expression, a sequence that 
encodes a. suitable Mbosome binding site, RNA splice junctions, sequences that 
terminate transcription and translation and so forth. Expression vectors usually 
contain an origin of replication that allows the vector to replicate independently of 
the host cell. ■; 

Pla3m(|s ^ the, most ODmmQnly used form of vector but other forms of 
vectors wMch^ei^i an ^;^uiyalent function and which are, or become, known in the 
art are suitably et al. Cloning Vectors: a Laboratory 

Manual (19S^anif ^^^^fifsX Elsevier, N.Y.; and Rodriquez, et al. (eds.) Vectors: 
a Survey of Mpleciij^r Caning Vectors and their Uses, Buttersworth, Boston, Mass 
(1988), which iare:^ reference. 

In gen^aj,>su^ in addition, specific genes which are capable 

of providing phenotypic selection in transformed cells. The use of prokaryotic and 
eukaryotic virkl Expression ^ vectors to , express the genes coding for the polypeptides 
of the present invention arfe also contemplated. 

In one preferred embodiment, the host cell of the invention may be a 
eukaryotic or prokaiyotic c£lL 

In a prpfeored ^bodimient, the host cell of the invention is a prokaryotic cell, 
preferably, a %cte^al ceJJU. Itt ^ mother embodiment, the host cell is a eukaryotic cell, 
such as a plant ^6lfias ^ previously described, or a mammalian cell. 

.^ej tq^ : ^^e^ably linked'' is used herein for indicating that a first nucleic 
acid sequ^^^ip^ with a second nucleic acid sequence when the first 

nucleic acid relationship with the second nucleic 

acid sek^^el/I^^ is operably linked to a coding sequence if the 

promoter affe£te^&:tt^ of the coding sequence. Optionally 

and prefer*^ are contiguous (e.g. physically 

linked) and, protein-coding regions, in the same reading 

frame. Thite, £^^ sequencers) are connected in such a 

way as, to ,&enmt - . gene. ;fe^ression when the appropriate molecules (e.g., 
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transcription^divator ptoteiris) are bound to the regulatory sequence(s). 

In anpth^r.. embbdim^ this recombinant nucleic acid molecule may 
optionally further comprise Van operably . linked terminator which is preferably 
functional in Ihe ^dst cell,: siiph as a terminator that is functional in plant cells. The 
recombinant n^clpic acid molecule of the invention may optionally further comprise 
additional control, pro^ and/or selectable markers. It 

should be noted thkt these regulatory elements are operably linked to the recombinant 
molecule. 

Regulatory elements that may be used in the expression constructs include 
promoters wlvch. may b^ either, heterologous or homologous to the host cell, 
preferably a ;^moter may be a plant promoter or a non-plant 

promoter wJricft i£^ levels of transcription of a linked sequence 

in the host c^^^ ^la^ cells and plants. Non-limiting examples of plant 
promoted :.that ^ effectively in practicing the invention include 

cauhflo^er rios^ ibcS, the promoter for the chlorophyll a/b 

binding protei^ vj^fe NOS aiid HMG2, or modifications or derivatives thereof. The 
promoter thay;^ ; ^ther bo or inducible. For example, and not by way of 

limitatioh, an ^ inducible prpm^^ be a promoter that promotes expression or 

increased expression; of ^the lysosomal enzyme nucleotide sequence after mechanical 
gene activation ^ of the plant, plant tissue or plant cell. 

The expressipn vectors used for transfecting or transforming the host cells of 
the ihyention^an bq additionally modified according to methods known to those 
skilled in the ^5^0 enh^ce or dptin^e heterologous gene expression in plants and 
plant c6Us.-^ inplude but are not limited to mutating DNA 

regulatory ; el^enj|:|p:^^ promoter strength or to alter the protein of interest. 

?ft e i.^^ represents a revolutionary solution to the 

aforemmtipri^ background art, by providing a disposable bioreactor 

device fox ihi^^ cultures. The device of the present 

invention, Wl&e^^^ is characterized in comprising a reusable 

harvesting outlel;^ of 'at least a portion of the medium 

contair^g;^ enabling the device to be used 

continuously for|oi^ consecutive culturing^harvesting cycles. In 

an industrfd^^^ the harvesting outlet during and after 
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harvesting m^ be assured to a significantly high degree at relatively low cost, by 
providing, fo^ hood in which all the necessary connections and 

disconnection?;; of sendees to and .from the device may be performed. When 
eventually the; device does become contaminated it may then be disposed of with 
relatively Uttle eTOnomic loss. Such devices may be cheaply manufactured, even for 
production vp^iidies y of 50 : or 100 liters or more of culture. Further, the ability to 
perform a number of cidturing/harvesting cycles is economically lucrative, lowering 
even further the effective cost per device. 

A battery of such devices can be economically arranged, and the number of 
devices in the? bawdry may be controlled to closely match production to demand 
Thus, the t^^Qn from pilot plant bioreactors to large scale production may also be 
achieved in sa^el^ manner by adding more devices to the 

battery. Fui&er,. i|ie relatiyeiy low production volume of each device, coupled with 
the lack /of ^ s^d^k^^r^tllts in relatively higher yields as compared to typical 
stainless st^lr^ioreactorsi 

The dpwc&Q f the present invention therefore has a number of advantages 
over the background art, ^ including but not limited to, being disposable; being 
economical topro^^ to use; being disposable, but also being usable 

continuously ft>r a;plurality : of consecutive cycles of culturing and harvesting desired 
cells and/or .tissues; Mid optionally being suitable for operation according to a method 
in wMch. inbcii^aixt i£ only required : to be provided for the first culturing cycle, while 
inoculant for ^spqiieiit cycles is provided by a portion of the culture broth which 
remains in tli^^ce. a:fter;harvesting same in a preceding cycle. 

Acc^r<%^ jto the present invention, there is provided a disposable device for 
axenic^Uy cdl^&ig jmd:li^es.ting cells and/or tissue in at least one cycle, the device 
comprising ;a* ^^i^le^dispo^able container having a top end and a bottom end, 
which cpnt?r^|!^;i^- ^ feast partially filled with a suitable sterile biological cell 
and/or tis^u^^^ inoculant and/or sterile air and/or 

required container comprising: (i) a gas outlet for 
removmg e^ gases from the container; (ii) an additive inlet for 

introducing, the? culture medium and/or the additives into the 

contains; ^ comprising (iii) a reusable harvester 

comprising a : ^ harvesting of at least a desired portion of 
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the medium cb^taif^g cells abd/6r tissues when desired, thereby enabling the device 
to be used c^iti^iidusly for at least one further consecutive culturing/harvesting 
cycle, whCTem>>emainder of the medium containing cells and/or tissue, remaining 
from a pre\dous; v ^ <?ycle, may serve as inoculant for a next culture and 

5 harvest cycle,, yto^ the culture medium and/or the required additives are provided. 

Optionally^ the disposable container is transparent and/or translucent Also 
optionally the, device ftu^er comprises an air inlet for introducing sterile gas in the 
form of bubbles iiijo ihe culture medium through a first inlet opening, wherein the air 
inlet is conn^ctablp to a suitable gas supply. Preferably, the air inlet is for 
10 introducing sterile gas more than once during culturing. More preferably, the air 
inlet is for contiguously introducing sterile gas. Optionally, a plurality of different 
gases are intro'duced.at different times and/or concentrations through the air inlet 

Preferably,;; ^Ibe, ;lia^est^/ comprising a contamination preventer for 
substanti^yp^ contaminants into the container via the 

. 15 harvester. ; V ;^vA /;' . 

Option^ly* the coptaii^er is non-rigid. Preferably, the container is made from 
a non-rigid p^ti^m^i^Bi. :Iyipre preferably, the material is selected from the group 
comprising poly0thylenp, -polycarbonate, a copolymer of polyethylene and nylon, 
• . P VC and EVA; V 

20 Optionally, the container is made from a laminate of more than one layer of 

the materials. ^ . 

Also pptipnally, the container is formed by fusion bonding two suitable sheets 
of thematOTi;alohg:predfetermined 

-Bra^c^l^^.^^et comprises an air inlet pipe extending from the inlet 
25 opening to a l^cattpi^ iiiside the container at or near the bottom end thereof. 

- Also ptef^ably, thie at least one air inlet comprises a least one air inlet pipe 
connectable ^ and in communication with a plurality of 

secondary iiJ^pipds,. eapktfie secondary inlet pipe extending to a location inside the 
container,; \da?a ^^^ : ^et]opeiiii^ therein, for introducing sterile air in the form 
30 of bubbles - M^ More preferably, the device comprises a 

substantially Vjfeifo having an overall length, height and 

width. JM^ ratio is between about 1 and about 3, 
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and preferably/about 1.85; Optionally, the height to width ratio is between about 5 
and about 3 O^and preferably about 13. 

Preferably* the device, comprises a support aperture substantially spanning the 
depth of the device, the Aperture adapted to enable the device to be supported on a 
suitable pole support 

Optionally the device further comprises a support structure for supporting the 
device; ^frefe^iy, .ihe support structure comprises a pair of opposed frames, each of 
the frames comprising upper, and lower support members spaced by a plurality of 
substantially, parallel vertical support members suitably joined to the upper and lower 
support members. More preferably, the plurality of vertical support members 
consists of at. least one the vertical support member at each longitudinal extremity of 
the upper, arid lower support members; 

•'A^jf^^fbe^^ly^^ frames are spaced from each other by a plurality of 
spacing bars fele^sfably of "integrally joined to the frames. 

Also ^/Wi^ preferably, the spacing bars are strategically located such that the 
device may be nisetted aA^L removed relatively easily from the support structure. 

Optionally, -the ldwer . support member of each the frame comprises at least 
one lower support ^adapted for receiving and supporting a corresponding portion of 
the bottom end of the device. . 

Preferably,: eafch the lower support is in the form of suitably shaped tab 
projecting frbih edch of the lower support members in the direction of the opposed 
frame. ■ 7 " 

Optibi^y, the frames each comprise at least one interpartitioner projecting 
from each frame in the direction of the opposed frame, for to pushing against the 
sidewall of the device at a predetermined position, such that opposed pairs of the. 
mterpartitiori<^ effectively reduce the width of the device at the predetermined 
position. ' Zf- v> 

Jftef^i&^ suitable substantially vertical 

members i^^^^\S^ug^-^nd lower support members in a direction towards 
the opposed framejwith statable upper and lower struts. 

Option^ly, -the .support structure may comprise a plurality of castors for 
transporting.the devices. ; . 
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G^tibh^y, ; at least some of the air bubbles comprise a mean diameter of 
between about 1 mm and about 10 mm. 

Also optionally, at least some of the air bubbles comprise a mean diameter of 
about 4m . ■; . . ' 

Optiohall^the container comprises a suitable filter mounted on the gas outlet 
for substantially - preventing introduction of contaminants into the container via the 
gas outlet. '*; ■■ , 

Preferably the container further comprises a suitable filter mounted on the 
additive iniet?:foir; substantially preventing introduction of contaminants into the 
container/via the additive inlet 

Also preferably, there is a contamination preventer which comprises a U- 
shaped .fluid trap, wherein one arm thereof is aseptically mounted to an external 
outlet of the harvester by suitable aseptic connector. 

Prefex^ly, r the harvester is located at the bottom of the bottom end of the 
container. , \\ ' ' y . . . . . 

Also^pr e£erably, tfye harvester is located near the bottom of the bottom end of 
the contamer; : >^^ each harvesting cycle the remainder of the 

medium cdhtaj^^ automatically remains at the bottom end of the 

container up to- alevel below the level of the harvester. 

Optionally; and preferably, the remainder of the medium containing cells 
and/or tissue;? determined at least partially according to a distance d2 from the 
bottom of the iconitoinei; to the harvester. 

Preferably,; the r^ainder of the medium containing cells and/or tissue 
comprises, frpm.kbpuit 2.5% tQ about 45% of the original volume of the culture 
medium and .; the inpcularit . More preferably, the remainder of the medium 
containing cells anid/dr tissiie comprises from about 10% to about 20% of the original 
volume of the cUltttrd medium and the inoculant. 

Opfipfi^y^cthje bottom end is substantially convex. 

Also ^ end is substantially frusta-conical. 

Prefera^ly^the ^ container comprises an internal fillable volume of between 
about 5 liters-^ about 50 liters and. 150 liters, 

and prefer4>ly;'a^ 
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Optionally, the device further comprises suitable attacher for attaching the 
device to a .suitable support structure. Preferably, the attacher comprises a loop of 
suitable material, preferably integrally attached to the top end of the container. 

According: to preferred embodiments of the present invention, the device is 
5 adapted to. plafit cell culture. Preferably, the plant cell culture comprises plant cells 
obtained from a plant joot More preferably, the plant root is selected from the group 
consisting of AgrobacteHimi rihzogenes transformed root cell, celery cell, ginger 
cell, horseradish cell ahd carrot cell. 

Optionally, there is provided a battery of the devices, comprising at least two 
10 the disposable devices as previously described. Preferably, the devices are 
supported by a suitable support structure via the attacher of each the device. Also 
preferably, , the: . gas outlet of eiach the device is suitably connected to a. common gas 
outlet piping Which optionally comprises a blocker for preventing contaminants from 
flowing into the devices. . Preferably,' the blocker comprises a suitable filter. 
15 Optipnally* the additive inlet of each the device is suitably connected to a 

common additive - , inlet . piping , having a free end optionally comprising suitable 
aseptic connector thereat. . . 

Optionally^ the free end is connectable to a suitable supply of medium and/or 
additives. 

20 Preferably, the harvester of each the device is suitably connected to a 

common harvestiiig piping having a free end optionally comprising suitable aseptic 
connector thereat 

More pref^ably, die battery further comprises a contamination preventer for 
substantially .preventing" introduction - of contaminants into the container via the 
25 common tiary^iirig piping. Preferably, the contamination preventer comprises a U- 
shaped fluid trap, wh^ein one arm thereof is free having an opening and wherein the 
other end thereof is aseptically Countable to the free end of the common harvesting 
piping via spittle sceptic conniector. 

More i^referab^ of the U-tube is connectable to a suitable 

30 receiving ta^^.^^ 

(^tion^y, : fhe ^ air;iniet of each the device is suitably connected to a common 
air inlet ^ipmg.h^^^ a free end optionally comprising suitable aseptic connector 
thereat. Preferaljij^ ihe free fcrid is connectable to a suitable air supply. 
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According to. other preferred .embodiments of the present invention, there is 
provided a.method for axenically culturing and harvesting cells and/or tissue in a 
disposable d^\dce comprising: pro^ the device which comprises a sterilisable 
transparent and/or>translucent disposable container having a top end and a bottom 
5 end, which- container may bp at least partially filled with a suitable sterile biological 
cell and/or ; ti^sue : ; culture medium and/or axenic inoculant and/or sterile air and/or 
other sterile required^ ^ additives, the container comprising: (i) gas outlet for removing 
excess air and/dt : waste gases from the container; (ii) additive inlet for introducing 
the inocitfant-a^ and/or the additives into the container; (iii) 

10 reusable ha^e$t^-.CQmprising suitable flow controller for enabling harvesting of at 
least a portion; of -the medium containing cells and/or tissue when desired, thereby 
enabling.tbe device tb; be used continuously for at least one further consecutive cycle, 
wherein a remainder of the medium containing cells and/or tissue, remaining from a 
previously harvested;. cycle., may serve as inoculant for a next culture and harvest 

15 cycle, whereiix to culture medium and/or the required additives are provided; 
providing axei^c^iilp.culajit via. the harvester; providing sterile the culture medium 
and/or, sterile-; to : a44itiyes. via the additive inlet; optionally illuminating the 
container. t^^^t^^ li^t; and allowing the cells and/or tissue to grow in the 
medium to a dssitbd yielii! . 

20 PrefCT^ly^-tie; jm^od further comprises: allowing excess air and/or waste 

gases to leayelthe \epntaind:< continuously via the gas outlet 

Mpre pref^a^^ comprises: checking for contaminants 

and/or the quality", of the. cells/tissues which are produced in the container: if 
contamina nt s "air ej found or, the cells/tissues which are produced are of poor quality, 

25 the devibe aiiA >its cbjitenis :are disposed of; if contaminants are not found, harvesting 
the desked poHioil pf the medium containing cells and/or tissue. 

Most ^ip0^iyy^le harvesting the desired portion, leaving a remainder of 
medium ronta^ tissue in the container, wherein the remainder of 

medium setyeS; ;inpciilaSt for a next cultqre/harvest cycle. Also most preferably, 

30 the method .-Su^^i^p^p^es; providing sterile the culture medium and/or sterile the 
additives for the^ the additive inlet; and repeating the 

growth cyqle :^^^e : 4^^jziSimuite-w found or the cells/tissues which are produced 
are of poof q^^ty^heret^bn i to device and its contents are disposed of. 
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Preferably, tfte device further comprises an air inlet for introducing sterile air 
in the form of bubbles into the culture medium through a first inlet opening 
connectable to a suitable: sterile air supply, the method further comprising the step of 
providing sterile air to the air inlet during the first and each subsequent cycle. More 
5 preferably^ the;, sterile air is supplied continuously throughout at least one culturing 
.cycle. ' •'. V£"' 

Also iRore prefe^bly a the sterile air is supplied in pulses during at least one 
culturing cycle; 

According to still- other preferred embodiments of the present invention, there 

10 . is provided a iaettiod for axenically culturing and harvesting cells and/or tissue in a 
battery of disposable devices comprising: providing a battery of devices as described 
above, and for; at .least one the device thereof: providing axenic inoculant to the 
device via tbier cdiimion harvesting piping; providing sterile the culture medium 
and/or sterile fobl^ditiVes ""to the device via the common additive inlet piping; 

15 optionally illiii^ating the device with external light; and allowing the cells and/or 
tissue in the device to grow in the medium to a desired yield. 

PrefOTably,% th^ comprises: allowing excess air and/or waste 

gases to leave\ih<e device ^ntitiuousiy via the common gas outlet piping; checking 
for contamintots?;^ the cells/tissues which are produced in the 

20 device: if in \th^ are found or the cells/tissues which are 

produced :^e^ of the device is closed off preventing 

contaminatipivofj the^^eyices of the battery; if in all of the devices of the battery 
contaminant^ cells/tissues which are produced therein are of poor 

quaUly, M. ith^d^ are disposed of; if contaminants are not 

25 found and the ^uaiityrdf the produced cells/tissues is acceptable, for each harvestable 
device, harve^idng a desired portion of the medium containing cells and/or tissue via 
the common., harvesting piping and the contamination preventer to a suitable 
receiving tank; y ? ..." : : • . 

. Prefera^l^,-^ containing cells and/or tissue remains in 

30 the contatni&/;^ serves as inoculant for a next culture/harvest 

. cycle; and the*^ providing sterile the.culture medium and/or 

sterile the addfjti^^ cycle via the additive inlet 
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Also preferably, the growth cycle is repeated until the contaminants are found 
or the cells/tissues which are produced are of poor quality for all of the devices of the 
battery, whereupon the contamination preventer is disconnected from the common 
harvester and. tfce devices arid their contents are disposed of 

According to yet other preferred embodiments of the present invention, there 
is proyided,a,ine|[iod^ for axenically culturing and harvesting cells and/or tissue in a 
battery of dis^psable devices comprising: providing a battery of devices as described 
above, and fe>r at least one the device thereof: providing axenic inoculant to the 
device via the ; eommori harvesting piping; providing sterile the culture medium 
and/or sterile 4he,; additives to : the device via the common additive inlet piping; 
providing .iste^^ iir to the ; device via the common air inlet piping; optionally 
illuminating ti£ ^e^^ wi& external light; and allowing the cells and/or tissue in the 
device to, grow in.iie medium to a desired yield. 

Preferably, the method further comprises: allowing excess air and/or waste 
gases to leave the, device continuously via the common gas outlet piping; and 
checking for contaminants and/or the quality of the cells/tissues which are produced 
in the device: ; £f in the device contaminants are found or the cells/tissues which are 
produced are^pf ;^pr qu^ty; ^e harvest of the device is closed off preventing 
wntarnination -b^ffiirf the devices of the battery; if in all of the devices of the battery 
a)ntanainairi§v|re ifbund 6r the cells/tissues which are produced therein are of poor 
quaUty, : aU%>t&&: devices sind their contents are disposed of; if contaminants are not 
found - dnd y^«b^>fg^2i^^r - -i>«T _-Cbe^ - paToducsed cells/tissues is acceptable, the device is 
considered h^es^bie. - ' - 

harvesting at least a desired 
portion M tf^^ cells and/or tissue for each harvestable device via 

the conmon ^ and the contamination preventer to a suitable 

receiving tanKi. ! *.-.V 

Mo s t of medium containing cells and/or tissue 

remaira remainder serves as inoculant for a next 
culture/h^e^cyGle;^ and : the. method further comprises: providing sterile the culture 
medium an^r. sfe^jfe; tte additives for the next culture/harvest cycle via the additive 
inlet ':. ^Y^fS^^^'^^ • ' ' 
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Also most preferably, the growth cycle is repeated until the contaminants are 

found or the cells/tissues which are produced are of poor quality for all of the devices 

of the battery* whereupon the contamination preventer is disconnected from the 

common harvester; and the devices and their contents are disposed of 

5 According to still other embodiments of the present invention, there is 

provided a. deVi£e. for plant cell culture, comprising a disposable container for 

culturing pl^trc^ljs, . Preferably, the disposable container is capable of being used 

continuously -ibr at least one further consecutive culturing/harvesting cycle. More 

preferably, the device further comprises: a reusable harvester comprising a flow 

10 controller for ? ; enabling ,h^rvesting of at least a desired portion of the medium 

containing cells akd/ot tissues when desired, thereby enabling the device to be used 

continuously for ; dt least one forfher consecutive culturing/harvesting cycle. Most 

preferably, the; flow; controller maintains sterility of a remainder of the medium 

containing cells arid/or tissue, such that the remainder of the medium remaining from 

15 a previous hai^ested cycle, serves as inoculant for a next culture and haiyest cycle. 

According to yet other embodiments of the present invention, there is 
provided ai i^bthbd for picturing plant cells, comprising: culturing plant cells in a 
disposable container! 

Prefi^ably^the disposable container comprises an air inlet for introducing 
20 sterile gas or i combination of gases. 

More fcte&Tably; the sterile gas comprises air. Most preferably, the sterile 
gas combination icqpipriseis a combination of air and additional oxygen. 

Preferkbl^tfie oxygen is added separately from the air. 

More : pife^ added a plurality of days after initiating cell 

25 culture! . . y- i-V-'vv . ' 

Pref^9bl^ the .stente-gas or combination of gases is added more than once 
during editing. 

Also preferably, the air inlet is for continuously introducing sterile gas. 
Also pjgfer^ly, a plurality of different gases are introduced at different times 
30 and/or conCentetibiis toough the air inlet. 

Pref^^lj^^ comprises: aerating the cells through the inlet. 

More prefCTalily^e ^^^eria^g-compiises administering at least 1 .5 L gas per minute. 
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Optionally and preferably, the method further comprises: providing sufficient 
medium for growing the cells. More preferably, sufficient medium is at a 
concentration of at least about 125% of a normal concentration of medium. 

Preferably,- the. method further comprises: adding media during growth of the 
5 cells but before harvesting. More preferably, the method further comprises adding 
additional media at least about 3 days after starting culturing the cells. 

Preferably, -the method further comprises: replacing media completely at least 
about 3 days afeer:3falting Culturing the cells; 

Also preferably, the medium comprises a mixture of sugars. 
10 .Also-. jafe^ comprises a larger amount of sucrose than 

normal for cell ciflture: , "-*-*; 

Preferably^ the plant cells produce a recombinant protein. 

BRIEP DESCRJPTiON OF THE DRAWINGS 
1 5 The invention is herein described, by way of example only, with reference to 

the accompanying drawings, wherein: 

FIGS, l a-c illustrate the main components of a first embodiment of the device 
of the present iriyention in front elevation and in cross-sectional side view, 
.respectively fox ^ MgOTes. 1A and IB, and an exemplary system according to the 
20 present invention ^ fdr Fi^ei C; 

FIGS, ik^imil ^ . ^ustrate the main components of a second embodiment of 
the device of the jir^etft iny^tion in front elevation and in cross-sectional side view, 
respectively;-. .. : > 

FIG. • 3 ?01ustirates .the„ main components of a third embodiment of the device of 
25 the present inv^nti^ 

FIGi. 4 : ilXusftates the seam lines of the first embodiment of the device of the 
present invention in: fr6nt elevation;^ 

FIGS.;5a and 5b fllustrate the main components of a fourth embodiment of 
the device of the. present \ invention in side view and in cross-sectional top view, 
30 respectively; . . 

FIGS. ;5c and ^ Sd illusttate transverse cross-sections of the fourth embodiment 
taken alon£^ 
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FIGS, and 6b illustrate the main components of a fifth embodiment of the 

device o;f th^ present invention in side view and in cross-sectional top view, 

respectively; 

FIGS. 6c and 6d illustrate transverse cross-sections of the fifth embodiment 
5 taken along lilies B.-B and G-C in FIG. 6(a); 

FIG: 7 illustrates the embodiment of FIG. 5 in perspective view; 
FIG, 8 ^lliistrattes the ^bodiment of FIG. 6 in perspective view; . 
FIG:; 9 .^strat^s £ support structure for use with the embodiments of FIGS. 5 
to 8; ' ■ / ' ■ ;' 

10 FIG, IP illusfr^^ of a preferred embodiment of the 

battery of the preset inv6ajtion comprising a plurality of devices of any one of FIGS. 

lto8; U^ y^Cf: 1 -. 

FIGS. llaV^nd 1 lb stow an expression cassette and vector for use with the 
. present invention; ' ; - 
15 FIG, 12 : sWws grovrth of traiisformed (Glucocerebrosidase (GCD)) carrot cell 

suspension in a. device according to the present invention as opposed to an 
Erlenmeyer flask; 

FIG. 13 show;s the relative amount of GCD produced by the device according 
to the present ipyepition as opposed to an Erlenmeyer flask; 
20 FIG. 14 s%w:s the. start point of 7% and 15% packed cell volume with regard 

to the groWfli ' qw^6s^ whiph ate parallel; 

FIG;, i5: sfeows the. amount of GCD protein from a quantitative Western blot 
for these l^o .jgro 

KGy>l;6^ci^S' gEow% :byer an extended period of time (14 days) to find the 
25 stationary poift^ /f.. ■ v..V;*. V 

FIG. 17 sho^ amount of GCD (relative to other proteins) 

is produced: by fransfoim^d cells through day 8, after which the amount of GCD 
produced sta^.td. decline; ■'■ \ 

FIG, 18 shows that the> replacement of media and/or the addition of fresh 

*. ■ .'v. . *■'■ 

30 media on the fourth day maintains high growth level of cells beyond day 8. 

FIG. 19^h$w the'^mbunt of GCD produced under the conditions described in 
■ Figure 18; \^ : h:^'£ : : -V- • 
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FIG. 20 sBlo^ the amount of GCD produced under the conditions described in 
Figure 18;. 

FIG. 21 shows the effect of different sugar regimes on cell growth; 

FIGS: /22a and 22b show the effect of different sugar regimes on production 
5 of GCD; d 

FIGS. 23a, and 23b sliow the effect of aeration rate on cell growth in a 10 L 
device accordilig to. tiie present invention; 

FIG. 24 d^oAVs the effect of adding more oxygen to the device according to 
the present inven 

10 FIG. &5 ■ ^ separation of Human Factor X coding 

sequence (ariow)^ by PCR; 

FIQ/: Z6 shows tEe^.ligated CE-FX-KDEL construct, comprising the Factor X 
sequence liga^ omega and OCS Terminator sequences. 

Location of Ihe rie&gmtion sites for restriction enzyme is marked; 

15 FIG: %7 is ;a feap of the pBluescript SK vector, info which the ligated cassette 

CE-FX-KDEEiw^s introduced; 

FIG. 28 is a restriction smalyisis of the clones transformed with the plasmids 
pzp-FX-ER and p.GjREEN nos-kana-FX-ER, showing the cassettes, and plasmids 
used in cloning and expression of the Human Factor X in plant cells. Lane 1 is clone 

20 3 transformed ;^^ pzp-FX-ER, before restriction enzyme digestion. 

Lane Z. is doix$ ;3^3^;3^Rt: and Hindm digestion. Lane 3 is clone 4 transformed 
with the ctfrisj^^ enzyme digestion. Lane 4 is clone 

4 after Lane 5 is the CaMV35S+omega-FX-ER 
expression 'c^sej^ transformed with pGREEN nos-kana-FX-ER, 

25 before rest^btio^ en^^ Lane 7 is clone 3 after Asp718 and Xbal 

digestion. I^e/^- te^clpiiie; : 8^ transformed with pGREEN nos-kana-FX-ER, before 
restriction enz^ clone 8 after Asp718 and Xbal digestion. 

Note the b^^ expression cassette in all the 

transformed clones..; ^ 

30 FIG. pGREEN-nos-kana-FX-ER construct, 

comprising the Factor X .s^u^ce. ligated between the CaMV35S+Omega, OCS 
Terminator aind ^ .^TO sequences. Location of the recognition sites for restriction 
enzyme is iharked;- . - ■ ' ; ' ; ; . 
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FIGi 30 sgows a Western blot analysis of the cellular contents of a number of 
transformed carrot cell lines. Factor X expression was detected on the Western blot 
by purified polyclonal rabbit anti-Human Factor X IgG (Affinity Biologicals, 
Hamilton, Ontario, Canada). Note the strong expression of Factor X in the line 
5 transformed with pGREEN-nos-kana-FX-ER (lanes 1 and 2). MW = molecular 
weight standards; * 

^Q.^^.]'^!^ the accurate cleavage of the recombinant Human Factor X 
expressed -i^pl^^cel^- llie endopqptidase furin, which is responsible for 
propeptide re^ov&; .and single chain to li^ht/heavy chain processing of Human 
10 Factor X, arcitf^fe^ recombinant Human Factor X (see lanes 4 and 5) 

expressed in iplzixt. c^|U9?|b.:ihe. size of the active Xa. MW = molecular weight 
•standards; * "v;V/ 

FIG;. 3^ catalytic activity of the recombinant Human 

Factor X exprqs^^^ Cell extracts from transformed carrot cells ( 

15 A and ■) and ^tr^fonned controls (+ , * and •) were reacted with the 
chromogenic. > substrate Pefachrome, and the products monitored by 
spectrophotometty^at OD 40 5 ni; 

FIG. 33 shqwfc the electrophoretic separation of Human IiBngS coding sequence 
(arrow) following Milplifi6atibn by PCR. Lane 1 is the ifeKDEL sequence (targeting 
20 to the ER). Lane 2 is the ifiiSTOP sequence (targeting to the apoplast). MW = 
moleculiar .^ei^tstandai-ds;. 1 ... 

FK3y3& sho^s the^lbctrpphoretic separation of amplified Human Ifia/3 coding 
sequence Qjb^e^AiWto Ewft;J}H5a, using the CE-K expression cassette. Positive 
clones were :s#^ of the inserts using the CaMV3 5S forward and 

25 the Tenmnal^r ^y^rse : pfi^ef s (see Figure 29). Lanes 1-7 are positive clones 
showing A is the positive control CE-fc-his, 

without, foe is a negative control PCR reaction without 

: ; DNA; - ' ;; -., : v ;'' 5;-V^' r '-?V : - : 

FIG, 35 shbwjs the electrophoretic separation of amplified Human IfhjS coding 
30 sequence clpn^ymto E coii 'DHSa; using the CE-K expression cassette. Positive 
clones were fleeted £y JPCR analysis of the inserts using the CaMV35S+Omega 
■ " ■ foiward and ^ : O0^ reverse primers (see Figure 37). Lanes 1-4 and 6 
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are positive clones showing the CE-ifo-KDEL insert. Lane 5 is a clone not 
expressing Humtoifh0. M = molecular weight standards; 

FIG. 3;<S shows the electrophoretic separation of restriction analysis products 
of the ifii-positiye clones. The left panel shows the electrophoretic separation of 
5 restriction aiialysp products of the positive clones bearing CE-ifh-STOP and CE-ifii- 
KDELinserts^(airpw), using the restriction enzymes EcoRI+Sall (lanes 1-5). Lane 1 
is CE-i&-J^EL-ppsiti^^ clone 1 (see FIG. . 35) digested with EcoRI+Sall. Lane 2 is 
CE-ife-KDElUpdSitive clone 2 (see FIG. 35) digested with EcoRI+SalI._Lane 3 is 
CE4fo-STOP^6sitiye clone 1 . (see FIG. 34) digested with EcoRI+Sall. Lane 4 is 

10 CE-i^-STQP^p6^tiye clpiie 2. (see FIG. 34) digested with EcoRI+Sall. Lane 5 is 
CE-Fx Oadki^ : ^B("ifiiV. iii^^t) digested with EcoRI+Sall. M = molecular weight 
standards. • iSie V^gJit pand; shows . the electrophoretic separation of restriction 
analysis ^ bearing CE-ifh-STOP and CE-ifh-KDEL 

inserts (OT6w)/u^g fhe : KpnI+Xbal (lanes 6-9). Lane 6 is CE- 

1 5 i&-KIDEI^p6sitiv§ clone 1 (see FIG. 3 5) digested with KpnI+Xbal. Lane 7 is CE-ifii- 
KDEL-positiye cipher 2 (see FIG. 35) without restriction enzyme digestion. Lane 8 is 
CE-ifdrSTOPrpo^tiye/clone . 1 (see FIG. 34) without restriction enzyme digestion. 
Lane 9 is GE-ife-STOP-ppsitive clone 1 (see FIG. 34) digested with KpnI+Xbal. M 
= molecular weight standards; 

20 FIG. 37 sijiows the ligated CE-ifia-KDEL construct, comprising the Human 

Ifii/3 coding sjbquenc^ between the CaMV35S+Omega and OCS Terminator 

sequences. : . I^p0a^ort of the recognition sites for restriction enzyme is marked; 

FIG. 3 8^ is-a ihap of the pzp 111 binary vector used for preparation of the pzp-r 
ifii-KDEL ai$;J^^^ the restriction enzyme recognition sites 

25 marked; '. -"A : \ ■ . • , : .-<- 

FIG. .39 ,is;v i a;^est€ana..blot showing the immune detection of recombinant 
Human tfcjS 0^pfcess^ ,iii carrpt cell clones transformed with agrobacterium LB4404 
bearing the '^^^^y^ : iSi'pz^i£^STGP plasmids. Calli were grown from the 
transformed tf^^^lkgar ^lh antibiotic selection, and then transferred to individual 

30 plates for three: months. Cellular contents of the transformed calli (lanes 1-10) were 
extracted and^sepaurat^d on- PAGE, blotted, and. the recombinant human in^8. detected 
. with affinity.^ antibodies. MW = molecular weight 
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standards. S£j positive control: 3ng recombinant Human interferon 0 expressed in 
CHO cells; 

FIG. 40 Shows the electrophoretic separation of infectious bursal disease 
virus viral proteiii 2] (VPII) coding sequence (arrow) following amplification by PCR. 
5 Lanes 1, 2 aiyl 3 are the WII sequence. Lanes 4 and 5 are negative control PCR 
reactions, without DNA and without polymerase, respectively. MW1 is XHE 
molecular weight standards, and MW2 is lbp ladder molecular weight standards; 

FIG. 41 shows the electrophoretic separation of amplified VPII coding 
sequence closed ;into. B fcoli DH5c^ using the CE-K expression cassette. Positive 
10 clones were of the inserts using the CaMV35S+Omega 

forward an$Me & reverse primers (see Figure 37). Lanes 1-6 are the 

tested clones. *$4U^ 2, 3-an(i;5 show positive clones with the VPII insert Lane 7 is 
a positive coi^Jf PGR. ptodiict of VPm. Lane 8 is PCR products with DNA of an 
empty CE cassette. . ^aies 9 and lO are negative control PCR reactions, without 
15 DNA and without polyipie^e, respectively. M = molecular weight standards; 

FIG. 42 is a ttiap of ifieCE binary vector used for preparation of the CE-VPII 
plasmids, with ;&ej^tdction;enzyme recognition sites marked; and 

FIG. 43a and 43b are a PAGE analysis (43A) and Western blot (43B) 
showing electrophoretic separation and immune detection of recombinant VPII 
20 expressed in carrot cell clones transformed with agrobacterium LB4404 bearing the 
pGA4927C^VBn.jp1tenu^. <■ Calli were grown from the transformed cells in agar 
with antibiptio selectiQiii and then transferred to individual plates for three months. 
Cellular cont^^ transformed calli (lanes 2,3,5,6,7,10,11,13,14, and 15) were 
extracted, and jSep^ate^. pft PAGE, blotted, and the recombinant VPII detected with 
25. chicken ah& 43b). + = Positive controls (VPII protein). 

Lanes 1 arid 9 rkre. VPII cell siispension (a mixture of transformation events). Lanes 4 
and 12 are .£^H^:wn1^i/tells transformed with the "empty" vector alone, and 
lanes 8 and 1 6 are 40$ contents of untfansfonned carrot cells. 

30 DETAiLED;DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The ppseht myentioh is of a device^ system and method for axenically 
culturing and tf ^Ld^e^iing;tel& and/pr tissues, including bioreactors and fermentors. 
The device is ^rieferajbly disposable but nevertheless may be used continuously for a 
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plurality of consecutive biiltiiimg/harvestiiig cycles prior to disposal of same. This 
invention als<* relates to batteries of such devices which may be used for large-scale 
production of cells and tissues. 

According, to preferred embodiments of the present invention, the present 
invention is adapted for use with plant cell culture, as described above. 

Prefer^ly, the culture, features cells that are not assembled to form a 
complete plant, such that at least one biological structure of a plant is not present. 
Optionally and preferably, the culture may feature a plurality of different types of 
plant cells, but preferably the culture features a particular type of plant cell. It should 
be noted that optionally plant , cultures featuring a particular type of plant cell may be 
originally deiived^^ types of such plant cells. Plant cell 

cultures sui^bji^or iise :\vith tie devices and methods of the present invention 
include; P^'^^^^J^jfl^ cell cultures derived from plant root cells, alfalfa 
cells, tobacpd c^Us, and tobacco cell line cells. As used herein, tobacco cell line cells 
are defined; have been grown in culture as cells previous to being 

culturing according to the methods of the present invention. Non-limiting examples 
of established tobacco cell lines are Nicotiana tabacum L. cv Bright 
Yellow-2 (BYr2);and Nicotiana tabacum L. cv. Petit Havana. 

The plant cell may optionally be any type of plant cell but is optionally and 
preferably a plant root cell (i.e. a cell derived from, obtained from, or originally 
based upon, a plant root), moire preferably a plant root cell selected from the group 
consisting of, a celery cell, a . ginger cell, a horseradish cell and a carrot cell. As. 
described hereinabove, and detailed in the Examples section below, the plant root 
cell m^y be ^ : ^fibaQferium :rHizogenes 'transformed root cell. Optionally and 
preferably, \^p|&t.(^Us.are grown in suspension. The plant cell may optionally 
also be a jflairt t<&£ seizor a plant shoot cell, which are respectively cells derived 
from, obtain^d;frp^i, or brigmally based upon, a plant leaf or a plant shoot. 

In > prefer? ed embodiment,- the plant root cell is a carrot cell. It should be 
noted that the], tr^formed / ^rot cells of the invention are preferably grown in 
suspension. A| m^tipiied:.ab6ye and described in the Examples, these cells were 
transformed . \yitli -the. Agfigbacterium tumefaciens cells. According to a preferred 
embodiment; of ;^eV present; any suitable type of bacterial cell may 
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optionaUy : be;;^ai. for siich a transformation, but preferably, an Agrobacterium 
tumefaciens c^U is used for infecting the preferred plant host cells described below. 

It will be appreciated ^ by one of ordinary skill in the art, that transformation 
of host cells with. Agrobacterium tumefaciens cells can render host cells growing in 
5 culture in the devices and by methods of the present invention capable of expressing 
recombinant pjcotems.'- In a preferred embodiment, the recombinant proteins are 
heterologous proteins. In yet another preferred embodiment, the recombinant 
proteins .are. viral; eukaryotic and/or prokaryotie proteins. The transformed cell 
cultures of the' present invention can also express chimeric polypeptides. As used 

10 herein, chimeric ^polypeptides are defined as recombinant polypeptides or proteins 
encoded by f polynucleotides laving a fused coding sequence(s) comprising coding 
sequences from at: least two individual and non-identical genes. The expressed 
polypeptide iis; preferably a eukaryotic, non-plant protein, especially of mammalian 
origin, aind r^a^tbe selected from antibody molecules, human serum albumin 

15 (Dugaiczyk :'^il(t9^);.fWAS USA 79: 71-75(inc6rporated herein by reference), 
erythropoietin* therapeutic molecules or blood substitutes, proteins within 
enhanced nutritional value, and may be a modified form of any of these, for instance 
including one .or mOre insertions, deletions, substitutions and/or additions of one or 
more amino acid?! (The coding sequence is preferably modified to exchange codons 

20 that are rare in the host species in accordance with principles for codon usage.). 
Examples of such heterologous proteins that can be expressed in host cells grown in 
the devices and by the methods of the present invention include, but are not limited 
to lysosmial ei^zymes such: as glucocerebrosidase, cytokines and growth factors such 
as human iiit^ such as clotting factors, e.g. human coagulation 

25 factor X, babten&;&iid viral proteins, such as VPIL 

■•.•*•... .^V* "...V. 

.Acc^rdfeg ^Q preferred embodiments of the present invention, there is 
provided ^ de^pe for plant cell culture, comprising a disposable container for 
culturing pl^f cells. The disposable container is preferably capable of being used 
continuously fqr ^ least One further consecutive culturing/harvesting cycle, such that 
30 "di^osable'V <Joesr n6t irestribt the container to only a single culturing/harvesting 
cycle. More pref^jaL^ly, the device further comprises a reusable harvester comprising 
a flow cbntfqlierifpf .enabling harvesting of at least a desired portion of the medium 
contahwg oel^ $iid/or tissues when desired, thereby enabling the device to be used 
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continuously:!^ cultuiing/harvesting cycle. 

Optionally anil preferably, the flow controller maintains sterility of a remainder of 
the mediurn containing cells and/or tissue, such that the remainder of the medium 
remaining iron* a previous harvested cycle, serves as inoculant for a next culture and 
5 harvest cycle. " '- ; ; ') 

According ;. to- optional embodiments of the present invention, the device, 
system and tnethibd of the present invention are adapted for mammalian cell culture, 
preferably for, culturing mammalian cells in suspension. One of ordinary skill in the 
art could easily adapt the protocols and device descriptions provided herein for 
10 mammalian cejll culture. 

In pn^ prpf erred embodiment, the host cell of the invention may be a 
eukaryotic or pf bkai^tic cell. 

In a p^fe^^^bpdim^t, the host cell of the invention is a prokaryotic cell, 
preferably, a ^ctjetikl cefl< in knottier embodiment, the host cell is a eukaryotic cell, 
1 5 such as a plant-cell^ preyioiisly described, or a mammalian cell. 

Disclosed and described, it is to be understood that this invention is not 
limited to the particular examples, process steps, and materials disclosed herein as 
such process st^s.^d .mat^ials may vary somewhat. It is also to be understood that 
the terminology ytsfd herein is used for the purpose of describing particular 
20 embodiments only arid not intended to be limiting since the scope of the present 
invention will lie linditied only by the appended claims and equivalents thereof. 

Throughout ^s spjecification and the claims which follow, unless the context 
requnes^Otheiwis^ the word "comprise", and. variations such as "comprises" and 
"comprisin^V^?^^ w^ei^tppd to imply the inclusion of a stated integer or step or 
25 .group of integ<ersi;?or sfteps^but not the exclusion of any other integer or step or group 
of integers or;sjtep^^. : > 

It mtis^b&^ uised in this specification and the appended claims, 

the singu^.iSim include plural referents unless the content 

clearly dictates o^ew^ 
30 The f6lio>^ are representative of techniques employed by the 

inventors in cto^djig but aspects of the present invention. It should be appreciated 
that while these techniques, are exemplary of preferred embodiments for the practice 
of the invention^ those of skill in-- the art, in light of the present disclosure, will 



.1' 
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recognize that piftierbus modifications can be made without departing from the spirit 
and intended spo^hfJ^myi^mi 
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Nr-.'Vf ''. ' EXAMPLE 1 

ILLUSTRATIVE DEVICE 

The pHiiciples and operation of the present invention may be better 

understood tyith / jeferenpe to the drawings and the accompanying description. 

5 Figures 1-9 show! schematic illustrations of various exemplary embodiments of the 

device according to the present invention. 

It .should- tip noted that the device according to the present invention, as 

described in greaifcer. detail below, may optionally feature all components during 

manufacture aiid/or before use. Alternatively, such components maybe generated at 

10 the moment of use by conveniently combining these components. For example, any 
one or more compohents may optionally be added to the device to generate the 
complete device at the moment of use. 

Refen^ig y tiow to the drawings, Figures 1, 2, and 3, correspond respectively to 
a first, second^^tbiiird embodiments of the device, the device, generally designated 

15 (10), comprises ^;jfc<s^^ container (20), having a top end (26) 

and a bottoftj^ (20) comprises a side wall (22) which is 

preferably su^t^tially cylindrical, or at least features a rounded shape, though other 
shapes sucl* -as ^.^e^tan^ar* or polyhedral, for example, may also be suitable. 
Preferably, th^ bottoiri eiid (2§) is suitably shaped to minimize sedimentation thereat. 

20 For example, 7 ih the ^ fest i^bodiment, the bottom end (28) is substantially frustro- 
conical or at legist comprises upwardly sloping walls. In the second embodiment, the 
bottom end ^28) cp^prisss one upwardly sloping wall (29). In the third embodiment, 
the bottom end:^28) is /substantially cylindrical or alternatively convex. The 
aforementioned coi^ end (28), in conjunction with the 

25 location of &^Vo^ described) near the bottom end (28), enables 

air supplied vf^titjiei (70) t6 induce a mixing motion to the container contents at the 
bottom end sedimentation thereat. Nevertheless, 

the bqttom^end ^ flat in other embodiments of the present 

invention. T^c^n^ an internal fiUable volume (30) which is 

30 typically be^ device (10) may alternatively have an 

intern^ yoli^^ liters or less than 5 liters. Internal volume (30) may 

be filled wfK biological cell and/or tissue culture medium (65) 

and/or ^einp;;^6|^^t (60) and/or sterile air and/pr required other sterile additives 
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such as antibiotics or ftmgicides for example, as hereinafter described. In the 
aforementioned ^bodiments, the container (20) is substantially non-rigid, being 
made preferably from a iK>n-iigid plastics material chosen from the group comprising 
polyethylene, .poiye^bonate, a copolymer of polyethylene and nylon, P VC and EVA, 
5 for example, Qptipnally, the container (20) may be made from a laminate of more 
than one. layer of ;mitefiais^ . 

As shorn - for the ..fliird embodiment in FIG. 3, the container (20) may 
optionally comprise two concentric outer walls (24) to enhance mechanical strength 
and to minimize risk of contamination of the contents via the container walls. 
10 In the/first, second and third embodiments, device (10) is for aerobic use. 

Thus the cQntaLiner (20) further comprises at least one air inlet for introducing sterile 
air in the fonft pf bubbles (70) into culture medium (65) through at least one air inlet 
opening .(72^ embodiments, air inlet comprises at least one 

pipe (74) coiffipc^taible to a suitable air supply (not shown) and extending from inlet 
15 opening (72) itfo a.Ibcatipn inside container (20) at a distance dl from the bottom of 
bottom .^nd dl may be typically around 1 cm, though it could be 

greater or snakier than f cm. The pipe (74) may be made from silicon or other 
suitable plastic material arid is preferably flexible. The pipe (74) thus comprises an 
air outlet (76) i;o£'S)iitable (M^rrieter to produce air bubbles (70) of a required mean 
20 diameter. These bilbbleis not only aerate the medium (65), but also serve to mix the 
contents of the container, ^hereby minimizing sedimentation at the bottom end (28) 
as well, ■ as: hereinbefore described. The size of the bubbles delivered by the air inlet 
will vary accprdirig to the use of the device, ranging from well under 1 mm to over 
10 mm in diametqh In spine cases, particularly relating to plant cells, small bubbles 
25 may actually damage, the cell walls, , and a mean bubble diameter of not less than 4 
mm substantiaUy bvOTComes this potential problem. In other cases, much smaller 
bubbles are -^nefepiai, ^nd a -sparger iriay be used at the air outlet (76) to reduce the 
size of the ^u^^le£^;£aC- -y^VotfiLeF'.casesr air bubbles of diameter 10 mm or even greater 
may be;opt^ gutiet (76) may be restrained in position at bottom end 

30 (28) through ^ Jshowh) dr other means known in the art. 

^ tithl^ is for anaerobic use, and thus does not 

comprise the ^|$et; .■: ; • 
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In fourth and fifth, embodiments of the present invention, and with reference 

to FIGS. 5'-atf|'6 respectively,, the device. (10) also comprises a transparent and/or 

translucent container (20), having a top end (26) and a bottom end (28). The 

container (26) ^bmprises a side wall (22) which is preferably substantially 

5 rectangular in^oss-section, having a large length to width aspect ratio, as shown for 

the fourth emlBpditnent of the present invention (FIG. 5). Thus, the container (20) of 

the fourth dnhodment is s box-like, having typical height-length-width 

dimensions of 13p;dn by 70 cm by 10 cm, respectively. The height to length ratio of 

the device is typically between, for example, about 1 and about 3, and preferably 

10 about 1.85; The height-tprwidth ratio of the device is typically between 5 and about 
30, and pref^ably about 13. - 

Alternatively, and as shown in FIG. 6 with respect to the fifth embodiment of 
the present invention, the sidewali (22) may comprise a substantially accordion- 
shaped horizontal cros^-section, having a series of parallel crests (221) intercalated 

15 with troughs &22) . ^png\the length pf the container (20), thereby defining a series of 
adjacent ch^^ with each other. Optionally, the 

sidewall (22) ■ 9$ ^^^p. fif&: e^bpdinient may further comprise a plurality of vertical 
webs (224), ^ ea.chjintemaily joining pairs of opposed troughs, thereby separating at 
least a vertical portion pf each chamber (223) from adjacent chambers (223). The 

20 webs (224) not only provide increased structural integrity to the container (20), but 
also effectively :sep arate the, .container (20) into smaller volumes, providing the 
advantage of eapliantjed circulation.. In other words, the effectiveness of air bubbles in 
promoting qdj^^uj^tion is. far higher in smaller enclosed volumes than in a larger 
equivalent vojtniie; In fact, a -proportionately hig^^ volume flow rate for the air 

25 bubbles is required for promoting air circulation in a large volume than in a number 
of smaller volumes having, the same combined volume of medium. In the fourth and 
fifth embodiments, bottom md (28) is substantially semi-cylindrical or . may be 
alternatively;^ ?ubsjtanti£aiy flat, or any other suitable shape. In the fourth and 
fifth embqi^ internal tillable volume (30) 

30 which is. tj^i^^^ 1Q and 100 liters, though device (10) may alternatively 

have anijntej^ 100 liters, and also greater than 200 liters. 

Interna*. Voj^ .a suitable sterile biological cell arid/or tissue 

culture m<^t^ (60) and/or sterile air and/or required 
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other ste^e. additives such as antibiotics or fungicides for example, as hereinafter 

described. In the aforementioned fourth and fifth embodiments, the container (20) is 

substantially nohvngid, being made preferably from a non-rigid plastics material 

chosen from polycarbonate, a copolymer of 

5 polyethyle^.^^ for example, and, optionally, the container 

(20) maybe ijbfiade from a ^liaxninate of more than one layer of materials. 

Mfj&^.tii$i secbrid and third embodiments, device (10) of the fourth and 

fifth embodiments, is also for aerobic use. In the fourth and fifth embodiments, the 

container (20) .further comprises at least one air inlet for introducing sterile air in the 

10 form of bubbles (70) infr culture medium (65) through a plurality of air inlet 
openings (72) : -]fr the fourth dnd' fifth embodiments, air inlet comprises at least one air 
inlet pipe (74) ronnectable to a suitable air supply (not shown) and in communication 
with a plurality of Secondary inlet pipes (741), each secondary inlet pipe (741) 
extending from; Met opening (72) to a location inside container (20) at a distance dl 

15 from the bottom .of. bottom end (28), wherein dl may be typically around 1 cm, 
though it could 'be- .^eater^r smaller than 1 cm. The plurality of inlet openings (72), 
are horizontally spaced one from another by a suitable spacing d5, typically between 
about 5 cm and ^wt 25 cm, and preferably about 10 cm. The at least one air inlet 
pipe (74) ^d Sp^Adary inlet pipes (741) may be made from silicon or other suitable 

20 plastic material; and is preiFerably flexible. Each of secondary inlet pipes (741) thus 
comprises an; : v^; piittet ; (76); of suitable diameter to produce air bubbles (70) of a 
required meaii ^ .^^eter, ^ese bubbles not only aerate the medium (65), but also 
serve to mix Aeiontents .of the container, thereby minimizing sedimentation at the 
bottom end (28) as ^ vvyell, ^ hereinb^fpre described. The size of the bubbles delivered 

25 by the air inlet- ^^\^U ; vary according to the use of the device, ranging from well under 
1 mm to over 10' min in .diameter. In some cases, particularly relating to plant cells, 
small bubbles actually damage tihe cell walls, and a mean bubble diameter of not 
less thari 4 i^h\s^stanti^y overcomes this potential problem. In other cases, much 
smaller btibblpCiire Ipenefitialy and a sparger may be used at least one of air outlets 

30 (76) to r^acel^^ In yet other cases air bubbles of diameter 10 

mm or even ^ea^may .^.optimal: Optionally, each outlet (76) may be restrained in 
position ;atYb<^ tether (not shown) or by another mechanism 

■ " lorownm ... 
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The fourth: " and fiffi embodiments of the present invention are especially 
adapted for processing relatively large volumes of inoculant 

In all the aforementioned embodiments, the air inlet optionally comprises a 
suitable pressure* gauge, for monitoring the air pressure in the container (20). 
5 Preferably, pressiire gauge is operatively connected to, or alternatively comprises, a 
suitable shut-d^ preset to shut off the supply of air to the 

container (20) if the ^ p^^eth^ein exceeds a predetermined value. Such a system is 
useful in case ;.of a blpckagie in: the outflow of waste gases, for example, which could 
otherwise lead/to a buildup of pressure inside the container (20), eventually bursting 

10 thesame. /; "v'v--:V""". 

The container .06); fi^ at least one gas outlet for removing 

excess air and/pr waste gases from container (20). These gases collect at the top end 
(26) of the container (20). The gas outlet may comprise a pipe (90) having an inlet 
(96) at or near the ' top end (26), at a distance d4 from the bottom of the bottom end 

15 (28), wherein ;d4; is typically 90 cm for the first, second and third embodiments, for 
example. The^pipet (90) iaay bd made from siUcon or other suitable plastic material 
and is preferably ^e^le3Pipie (90) i^s connectable to a suitable exhaust (not shown) 
by a Imowrimech^ exhaust means further comprises a blocker, such as a 

suitable one-way^ : valye ^ pr^filter (typically a 0.2 micro-meter filter), for example, for 

20 substantially preventing ^introduction of contaminants into contains: via the gas 
outlet. Atle^^^hiorx^; the. top end (26) may be suitably configured to facilitate 
the collection pf wasfte ga§es 'prior, to being removed via inlet (96). Thus, in the first 
and second embo^^ portion of the top end (26) progressively 

narrows to a«fli|^ area near the location of the inlet (96). 

25 Alternatively,^ l^t ti^ upper portion of the top end (26) may be correspondingly 
substantially fi^Wo-comckl or convex. In the fourth and fifth embodiments, the top 
: end (26) may - fee ^yejc, or relatively flat, for example, and the inlet (96) may be 
conveniently located -At or near a horizontal end of the top end (26). 

The rantairiQr ^ |C^P) ^fiirtiier " -.ooziqpcises an additive inlet for introducing 

30 inoculant m^x)^ additives into container. In the 

aforementibi^ inlet comprises a suitable pipe (80) 

having ^ bx^ at or near the top end (26), at a distance d3 from the 

' tire i-^/v.^A J?? . ■ • . • 

bottom of ithd;bottoiri end (28), wherein d3 for the first embodiment is typically 
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approximately 68 cm/ for example. The pipe (80) may be made from silicon or other 

suitable plastic material and is preferably flexible. Pipe (80) is connectable by a 

known donnector to a suitable sterilized supply of inoculant and/or culture medium 

and/or additives; ■ The additive inlet further comprises a blocker for substantially 

5 preventing ihttodviclion of contaminant container via additive inlet, and 

comprises, ^^ese embodiments, a suitable one-way valve or filter (84). Typically, 

the level 6f;<^nteiits of the container (20) remains below the level of the outlet (86). 

The cpntaiiier ,(20) further comprises reusable harvester for harvesting at least 

a desired first 'portion of ;the medium containing cells and/or tissue when desired, 

10 thereby enab^ be used continuously for at least one subsequent 

. culturing cycle. 1 A : T^ainmg second portion of medium containing cells and/or tissue 
serves as. inocul^it fr>jr a iext culture and harvest cycle, wherein culture medium 
and/or required additives provided; The harvester may also be used to introduce the 
original volurii<b of inpc^^tinto the container, as well as for enabling the harvested 

15 material to flovy tiierethrough actd out of the container. 

hi, the; afOTementioried embodiments, the harvester comprises a pipe (50) 
having an Me£.(52) in cojncnnunication with internal volume (30), and an outlet (56) 
outside contamer (20): The pipe (50) may be made from silicon or other suitable 
plastic mat^d. ^ The pipe (50) is of a relatively large 

20 diameter, cm, since the harvested cell and/or tissue flow 

therethrou^; ^ of cell particles that may clog narrower pipes. 

Preferably, 0MJ0^is located near the bottom end (28) of the container (20), so that 
only the ^nt^^.^ntents above inlet (52) are harvested. Thus, at the end of each 
harcesting. ^ medium containing cells and/or tissues 

25 automatically ^Mki^^ (28) of the container (20), up to a level 

below thp tevel (51); of tlie inlet (52), which is at a distance d2 from the bottom of 
bottom end (28)/ d2 is about 25 cm for the first 

embodment v y ;. -\ . 

■C^tibAaliy ^ ^^.prefdrably, d2 is selected according to the volume of container 

30 (20), such WM, [y^\^(^pTi;'bf medium and cells and/or tissue that remains is the 
desired Jfrafeti^ container (20). Also optionally and preferably, an 

addition^ provided (not shown) for removing a sample of the 

culture .meffiS^n^ The sampling port preferably features 
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an inlet , and pipe ; as:for the harvester, and is more preferably located above the 
harvester: Oth$r port(s) may also optionally be provided. 

Alternatively; inlet (52) may be located at the lowest point in the container 
(20), wherein the operator could optionally manually ensure that a suitable portion of 
5 medium containing cells - and/or tissue could remain in the container (20) after 
harvesting a d^h:0d poi^ion of medium and cells and/or tissue. Alternatively, all of 
the medium '^jtfcfc; optionally be removed. Harvester further comprises flow 
controller sucli ;.a^:a suitable yalve (54) and/or an aseptic connector (55) for closing 
off and for pbj^tiing the flow of material into or out of container (20) via harvester. 

10 Typically, ^^^^cy.cojmpc^ u j[]S^ is made from stainless steel, and many examples 
thereof are ' ■•^©^"'••m-.'th©-/^ Preferably, the harvester further comprises 
contaminate for; substantially preventing introduction of contaminants 

into contairier;:yia; ;harves£er after harvesting. 

In the £fitSt> ;^ec6M," third, fourth and fifth embodiments, contamination 

15 preventer cpiripiisQS a fluid trap (3.00). The fluid trap (300) is preferably in the form 
of a substantially Urshaped hollow tube, one arm of which is mounted to the outlet 
(56) of the harvester, and the other arm having an external opening (58), as shown 
for the first ^bo^ in FIG. 1(b). Harvested cells/tissue may flow 

out of the device trap (300) and opening (58), to be collected 

20 thereafter in agitable ^-receiving tank as hereinafter described. After harvesting is 
terminated/ jam [pd^'.^i^ij be introduced into the harvester via opening (56), 
accompanied '^^f^^pj^^l^S^Bow of harvested material, thereby pptentially 
inlxoducmg ^ device. The U-tube (300) substantially overcomes 

this potential^ some harvested material, i.e., cells/tissues, 

25 downstream o£ &Cbperunjg..(5.6) thereby preventing air, and possible contaminants, 
from eritering^th^ is closed off via valve (54), the U- 

tube (300) is r^mpv^d and, typically sterilized for the next use or discarded. The U- 
tube (300) may tie made from stainless steel or other suitable rigid plastic materials. 
In the aforemejaticih^ embbdiments, remaining second portion of medium containing 

30 cells and/or tis^e topically comprises between 10% and 20% of the original volume 
of cultiire;i^^TLTO^|(iid ii^opulant, though second portion may be greater than 20%, up 
, to 45% mpox^^^^Jji^\t(f^ down to 2.5% or less, of the original volume, if 
" requked;-' 
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Device (10) optioiially further comprises an attacher for attaching same to an 
overhanging support structure. In the aforementioned embodiments, support structure 
may comprise a bar (100) (FIGS. 1, 2, 5) or rings (not shown). In the third 
embodiment, the. attacher may comprise a hook (25) preferably integrally attached to 
5 the top end (26) of the container (20). Alternatively, and as shown for the first and 
second embodiments in FIGS. 1 and 2 respectively, the attacher may comprise a 
preferably fle&b^ cylindrical loop (27) of suitable material, 

typically the same; Material as i s used for the container (20), either integral with or 
suitably attached ;(yia fosion welding, for example) to the top end (26) of the device. 
10 Alternatively, -yfa^^dicf^^ the fourth embodiment in FIG. 5, attacher may 
comprise a p^ef^bly flexiible: and substantially cylindrical aperture (227) made in 
the sidewall (22)* jbf <x>nt^er (20), extending through the depth thereof The fifth 
embodiment may pption4ly be supported by a series of hooks (not shown) integrally 
or suitably attached preferably to the top end (26) of the device (10). 
15 Optionally, the containers may be supported in a suitable support jacket. For 

example, in the &^ device (10) maybe supported in a support 

jacket cpnsistihgjof ^suitable outer support structure comprising an internal volume 
sized and shaped to .complement the datum external geometry of at least the sidewall 
(22) and botti^'«W : (^);jQf'.^ device when nominally inflated. The outer support 
20 structure may be substantially continuous, with openings to allow access to the inlets 
and outlets to^th^d^vice (10);- and further has a suitable door or opening either at the 
side, top or bptyow. to ^ow a device (10) to be inserted into the support jacket or 
removed.th^6fromi yjhpi datum geometry of the device may be defined as the shape 
of the device its design capacity. At this point, its shape is 

25 nominally, is design- shape- ia^d. therefore its internal volume is nominally its design 
volumetric capacity;. However, when such a device comprising flexible walls is 
actually filled with a; Uquid medixmii the geometry of the device tends to deviate from 
the datum ige6^et^y^tendlng to bulge preferentially at the bottom the device where 
the pressure is : ; greatest,: and increasing stresses in the wall material considerably. A 
30 support jacket;as described, fo example and having the required structural attributes 
also helps in maintaining the geometry of the device, and reduces the wall stresses, 
minimizmg^^ the sidewall (22), for example and thereby ensuring a 

longer, wprl^gl^ -•' 
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Alternatively^ the containers may be supported in a suitable support structure. 
For example, in the fourth and fifth embodiments of the present invention, the 
device (10) may be supported in a supiport structure (400) comprising a pair of 
opposed frames (405), (406), as illustrated, for example, in FIG. 9. Each frame (405), 
5 (406) is typically rectangular comprising substantially parallel and horizontal upper 
and lower load-carrying members (410) and (420) respectively, spaced by a plurality 
of substantially parallel vertical support members (430), at least at each longitudinal 
extremity of the ibad-cajxying members (410), (420), and integrally or otherwise 
suitably joui^/.t^/tbe upper and lower load-carrying members, (410) and (420) 
10 respectively, -iow^siq^rt --member (420) of each frame (405) and (406) 
comprises .s^teb^ shaped lower supports adapted for receiving and supporting a 
correspondih^portion of the; bottom end (28) of the containers (20). Typically, the 
lower supports knay: take the form of a suitably shaped platform projecting from each 
of the lower;: support-members (420) in the direction of the opposed frame. 
1 5 Alternatively, the lower supports may take the form of a plurality of suitably shaped 
tabs (460) projecting from each of the lower support members (420) in the direction 
of the opposed frame. The frames (405), (406) are spaced from each other by 
strategically located spacing bars (450), such that the container (20) may be removed 
relatively easily from the 1 support structure (400) and a new container (20) 
20 maneuvered into 'place, i:e;, without the need to dismantle the support frame (400). 
The spacm^l?^s^45ip) inay be integrally connected to the frames (405), (406), as by 
welding for exa&ipl^; ^ Preferably, though, the spacing bars (450) are releasably 
comiected ito;^ (406), such that the frames (405), (406) may be 

separated oiie:,fr(^ also permitting the use of different sized spacing 

25 bars to connect tfi^; frames (405), (406), thereby enabling the support structure (400) 
to be lisedv:^ having different widths. Optionally, and 

preferably, t^^^ at least one interpartitioner (470). 

Inteiparfitibja^i:;(47b) may take the form of a vertical web projecting from each frame 
(405), (406) the; direction of the opposed frame, and serves to push against the 
30 sidewall (22) at apr^etermined position, such that opposed pairs of interpartitioner 
(470) effectively .reduce the width of the container (20) at the predetermined position,, 
thereby CTea^gy ibetWeen adjacent opposed pairs of interpartitioner (470), for 
example^ ap^tioning or ^ethi; partitioning of the internal space (30) of the container 
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(20). Thus, the int^partifioner <470) may typically deform the sidewall (22) of a 
container (20) according to the fourth embodiment (see FIG. 5) to a shape resembling 
that of the sid!ewaU (22) of the fifth embodiment (see FIG. 6). Of course, when used 
with a container (20) according to the fifth embodiment of the present invention, the 
5 interpartitioner >(476);are located on the frames (405), (406) such as to engage with 
the troughs (2^2) of the sidewall (22), and thus particularly useful in maintaining the 
shape of the ^c^mners (20). Thus, adjacent partitioner (470) on each frame are 
spaced advm^gfeb^ly spaced a distance (d5) one from another. Preferably, 
interpartitipnerr 07.0^ comprise suitable substantially vertical members (472) spaced 

10 from the nppet arid lower support members, (410), (420), in a direction towards the 
opposed frani£ TOth- ^ and lower struts (476), (474) respectively. The 

support StnlcH^^^X^^^t only provides structural support for the containers 
(20), particul^^pf the fourth- and fifth embodiments, it also provides many open 
spaces betwe^ ea^ch of theioad carrying members for enabling each of the air inlet, 

15 the gas outlet;^ additive inlet to pass therethrough. Optionally, 

support . structure. • (400) : i may cpmprise rollers or castors (480) for easing 
transportation^ the containers (20) within a factory environment, for example. 

The container : (20) may optionally be formed by fusion bonding two suitable 
sheets of smtablt* material, as hereinbefore exampled, along predetermined seams. 

20 Referring to -the .first and second embodiments for example, two sheets (200) of 
material may bfe in an ^ approximately elongated rectangular shape and superposed 
one ov?r. the are then fusion bonded together in a manner 

well known m^bfe &t; to fcim; seams along the peripheries (205) and (206) of the two 
longer sides?^ of one of the shorter ends (210), and again 

25 parallel and -ihWaifdly ^sjplaced thereto to form a seam (220) at the upper end of the 
container (2$*. 'j^^kfiqa yffild seams (207) and (208) along the long sides and 
situated between &ese parallel short end seams (210) and (220) may be cut off or 
otherwise r^oy<^^ a loop of material (27). The bottom end (28) 

of the container (20) is formed by; fusion bonding the remaining short end of the 

30 sheets along ^o: sloplng seatii lines, (230) and (240), mutually converging from the 
seams (205) and (206) of the .long sides. Optionally, the two sloping seam lines (230) 
and (24Q) .xi^^..^3c&ii^d 'stwye the apex by another fusion welded seam line (260) 
approximately^ Q^g6n^;to>the long side seams (205) and (206). Prior to fusion 
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welding the two sheets . together, rigid plastic bosses (270), (290), (280) and (250) 
may be fusion welded at locations corresponding to the air inlet, gas outlet, additive 
inlet and harvester, respectively. These bosses provide suitable mechanical 
attachment points for each of the corresponding input(s) and output(s)- The third, 
5 fourth and fifth embodiments of the present invention may be manufactured in a 
similar manner to the first and second embodiments, substantially as described 
above, mutatis mutandis. 

In all embodiments, the device (10) is made from a material or materials that 
are biologically compatible and which enable the container to be sterilized prior to 
10 firstuse. * ;^v\ . . . .. 

> "vr :X' EXAMPLE 2 

' ^ 7 ILLUSTRATIVE SYSTEM 

The pri^etit invention also relates to a battery of disposable devices for 
15 axenically culturing and harvesting ciells and/or tissue in cycles, wherein each of a 
plurality of thipse devices is stoicturally and operationally similar to device (10), 
hereinbefore defined and described with reference to the first through the fifth 
embodiments thereof. 

Referring to FIG. 10, a battery (500) comprises a plurality of devices (10), as 
20 hereinbefore described with irespect to any one of the first through the fifth 
embodiments,;which : are; held on. a frame or frames (not shown) with an attacher or 
support structure $00), for example. Typically, the battery (500) may be divided into 
a number of : groups ^ch : group comprising a number of devices (10). 

lii the i jpt<^^^ the battery (500), the air inlets of the devices 

25 (10) in : each fgonpMe ^tercbnnected. Thus the air inlet pipes (74) of each device 
(10) of the gr<oup- aire coniiected to common piping (174) having a free end (170), 
which is prp^d^^with ^ a£ . aseptic, connector (175). Sterilized air is provided by a 
suitable air jconap^sor (ISO) having a suitable sterilizer or blocker (1 10) such as one 
or more filters. The. ^^compiresspr (13Q) comprises a delivery pipe (101) having an 
30 aseptic connector . (176) at cits' free end which is typically connectable to the aseptic 
connector (175) located at the free end of common piping (174). This connection is 
made at . the; beginning of each, run of growth/harvesting cycles in a mobile sterile 
hood (380) .ta.ensiire that sterile conditions are maintained during the connection. 
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The sterile ho£d^(380) provides a simple relatively low-cost system for connecting 
the various services, "such as flir, media, inoculant and harvested cells, to and from the 
group of devices (.10) under substantially sterile conditions. Similarly, at the end of 
each run of grbwth/harvesting cycles, the connectors (175) and (176) are 
5 disconnected in the sterile hood (380), and the used devices are discarded, allowing 
the connector (175) atltfoe Compressor end to be connected to the connector (176) of a 
new group .of- /d^ccs. .- Sterilized.*' air is typically provided continuously, or 
alternatively i^predetern^ed pulses, during each culturing cycle. 

In the preferred embodiment of the battery (500), excess air and/or waste 

10 gases from eaqh^f the devices (10) is removed to the atmosphere via common 
piping (290) : 3ju^bly x^pnected to each corresponding gas outlet (90). Common 
piping (290) ii^ preventer (210), such as one or 

more Sti^^^^-p^^^S^- contaminants from flowing into devices (10). 
Alternatively, of each device (10) may be individually allowed to 

15 vent to.tfie.a^ suitable filters which substantially prevent 

contaminants .from ^flowmg.Mo the devi<^ (10). 

Media to^ ad^tiyes in one or more holding tanks (340). For 

example, , miqrp elements; 1 macro elements and vitamins may be held in different 
tanks, while additives such as antibiotics and fungicides may also held in yet other 

20 separate tanks; A pumper (345) serving, each tank enable the desired relative 
proportions o|;each component of the media and/or additives to be delivered at a 
predetenqiii€^;^^ flo\v rate to a static mixer (350), through which 

water— either ;.^s^^^^d^ly filtered and purified— flows from a suitable supply 
(360);, prefe^^ 10). By adjusting the 

25 flow rates pf^i^^ (365), for example, the concentration of media as 

well as additiy^':^ into devices (10) may be controlled. Media 

and/or. ad<titiv<^ji^^ may then be delivered from the static mixer (350) 

under sterUe &n^ and a delivery pipe (370) having an aseptic 

connector (375^as; its ^e6 end (390). - 

30 In the pre^ the battery (500), the inlet of additive pipe 

(80) of each c^ (10) in the group of devices, are interconnected 

via cx>mmon piping ^. (180), which comprises at its free end a common aseptic 
connector (370^^ qonnector (376) may then be connected, in the 
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sterile futod - IS^OBl* 0 connector (375) at the free end (390) of the media 

and additive pipe. (370) thxis enabling each device (10) of the battery, or of the 
group, to be suppjl^^^ and additives. At the end of the life of the devices 

(10), and pridr to discarding the same, the aseptic connectors (375) and (376) are 
5 disconnected n, the sterile hood. The aseptic connector (375) is then ready to be 
connected to tie; new aseptic connector (376) of the next sterilized group of new 
devices (10) of the battery^ ready for the next run of culturing/harvesting cycles. 

The stqrHe^.hood (380) may also optionally be used for connecting the 
media/additiyeS t^tnk (350) to each one of a number of groups of devices (10) in the 

10 battery, m tiii^d lives of the devices in these groups. Thus, when 

one group .of :de\aCes ; has ieea serviced with media/additives, the aseptic connector 
(376) of this i^^'M'. ^e|)fically sealed temporarily in the sterile hood (380), which 
is then moyed^ where their common aseptic connector 

(376) is cp»mTOt^tb;^-^te^e connector (375) of the pipe (370), thus enabling this 

1 5 group of devfciids^b^ serviced with media/additives. 

In a d&ere^ of the battery (500), a mobile sterile hood (380) 

may be used ^^b^ect together the free end (390) of a preferably flexible delivery 
pipe cx>mected^ to the additive inlet of each device (10) in 

turn. The sterile ^ood (380) .may then, be moved from one device (10) to the next, 

20 each time the ^id r<(3:90) being connected to the inlet end of the corresponding pipe 
(80) to etfabld;^ each device in turn. The sterile hood (380), 

together vvtit^ preferably made from stainless steel, at end (390) 

and the iiil6t :^ device (10), respectively, enable 

each devic^.^ and subsequently disconnected to the end 

25 (390) and to^to^ conditions. Many other examples of 

suitable : c6^%ctpr-:for * ppmigpting two pipes together are well known in the art. 
Suitable ;fifcer<^^ (390) and at the pipe (80), respectively, to 

. prevent or at contamination of the container contents. The 

sterile ^pod f$^Qjf^y tfti^'b^ automatically or manually moved from device (10) to 

30 device (10); .^df^ an operator may connect the device (10) to 

the media Supply: lisihg thb sterile hood (380), fill the device with a suitable quantity 
of medik ahd/6rM^ disconnect the sterile hood (380) from 

the devibe, device. Of course, the end (390) may be 
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adapted to -Comprise a.piutality of connector (375) rather than just a single sterilized 
connector (375),-sO - that :.rafhet than one, a similar plurality of devices (10) having 
coiTesponding .<x>pneetor (376) may be connected at a time to the media supply via 
the trolley (386):; ; 

5 . Eaph time, prior to connecting end (390) to each device or set or group of 

devices, the>c^n:e^dnding connectors (375) and (376) are typically sterilized, for 
example Ihroti^^ autoclave. 

In yet ajiothsr embodiment of the battery (500), a single pipe or a set of pipes 
(not shb\yn) Connect static mixer (350), to one device (10) or to a corresponding set 

10 of devices (1Q), J. tespectiyely, at a time, wherein a conveyor system transports the 
device (10). ot^^^f /devices (10) to the single pipe or set of pipes, respectively, or 
vice v<^a: (10) or set of devices (10), the conveyor enables a 

further 4<^9$ : ^&^i\0T^^^^ : s^ofd^^ (10) to be connected to the static mixer 
(350) thrpu^^^ihgle £ipe or set of pipes, respectively. 

15 In the prrfettcid ett^odiment of the battery (500), the harvesters of each of the 

devices (10) of thg j^pup ara interconnected. Thus the harvesting pipes (50) of each 
device (10) are ^tuiect^ to common harvesting piping (154) having a free, end 
(150), wlucfr^^ connector (155). Preferably, each of the 

harvesting pipes ^50) may comprise a valve (54), as hereinbefore described, to close 

20 off or permit ifie flow of harvested cells from each corresponding device (10). Thus, 
for example, it is Jdetennined that a number of devices in a particular group are 
contammated,; ' wMe &e other devices are not, then the cells in these latter devices 
may be harve^t^ from the former devices, so long as 

the valves remain closed. Preferably, common 

25 piping ;fu^ valve (259) upstream of the aseptic 

connector (155^^^ preventer is provided for substantially 

prevenfog;, container via harvester after 

harvestmgirr^^ 

In tiievp^^ contamination preventer comprises a 

30 substantially Uishaped flmd trap (400), having an aseptic connector (156) at one arm 
thereof in fluid communication with a 

receiving ta^ a$epti<? connectors (155) and (156) are then interconnected 

in the mobiiest^ sterile conditions. Harvesting is then effected 
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by openipg/;tfe of all the devices in the group which are not 

contaminated, as well as common valve (259). Cells from the group will then flow 

into the receiving tank (590), preferably under gravity, though in some cases a 

suitable pump'^inay be used;; After harvesting is completed, the aseptic connectors 

5 (155) and (156) may be disconnected in the sterile hood (380), which can then be 

moved to the ixeit group pf devices (10): the corresponding aseptic connector (155) 

of this group ^ay then be interconnected with aseptic connector (156) of the U-tube 

(400), and thereby enable the cells of this group of devices to be harvested. 

In another embodiment of the battery (500), a single pipe or a set of pipes (not 

10 shown) may coniiefct qommon ireceiying tank to a device (10) or a corresponding set 
of devices (10),; respectively^ at a time, wherein a conveyor system transports the 
device (10) or ^'^of-d^ibea-'iClt)) to .the single pipe or set of pipes, respectively, or 
vice versa- ; ^ device (10) or set of devices (10), the conveyor 

enables a (10) to be connected to the- common 

15 receivingtiit^pugh; a .smgte pipe or set of pipes, respectively. 

In andQi^: ^bpj^^at of the battery (500), each device (10) may be 
individually invested* vwtiere^ harvester of each device comprises a 
contamination ; jpreventer for substantially preventing introduction of contaminants 
into container :Vi4 harvester after harvesting. In this embodiment, the contamination 

20 preventer comprises iUrshaped fluid trap (400) as hereinbefore described, having an 
aseptic -€pime^0r {1S;^^oq§ arm thereof, the other arm having an opening (158) in 
fluid coi^T^catiph ^ with a receiving. tank (590). The harvester comprises an aseptic 
connector (55)v Wl^ be connected to the aseptic connector (156) of the fluid 

trap (400) ^ m tibie^ ^qbUe/steiile hood (380) under sterile conditions. Harvesting is 

25 then effectefr^ of the device, wherein cells will then flow 

into the r^&vm^t^ though in some cases a suitable 

pump may be^^^ completed, these aseptic connectors, (55) and 

. (156), may?b<|&^ in the sterile hood (380), which can then be moved to the 

next device (i^ (55) of the harvester of this 

30 device may ih^^ of the U-tube (400), 

arid thereby enable 

In 1hq ^ the battery (500), the harvester may also be 

used for.iriiti^y.prdyidi^ the start of a new run of growth/harvesting 
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cycles/ Thus, ino with sterilized medium in a suitable tank 

having a deUVery pipe comprising at its free end an aseptic connector which is 
connected to the ; ^ of the common harvesting piping (154) in 

the sterile hood (380). Inoculant may then be allowed to flow under gravity, or with 
5 the aid of a statable pump, to. each of the devices (10) of the group via common 
harvesting piling ;(154), after which the aseptic connectors are disconnected in the 
sterile hood. . _ 

Alternatively, the Moculant may be introduced into the devices via the 
additive inlet, / in particular the additive common piping (180), in a similar manner to 

10 that hereinbefore -described regarding the harvester and the common harvesting 
piping (155,), mutatis mutandis.. 

Accbr^g^ of the present invention, the operation 

of the preyioralyv^ device and/or battery is controlled by a 

computer- (66B)i ^ ^h^^ to Figure 1C; The computer is optionally and 

15 preferably ablp to ^ control such parameters of the operation of the battery and/or of a 
device accord^g-ifo the present invention as one or more of temperature, amount and 
timing of gas. br.^gj^ <^mbihation entering the container, amount and timing of gas 
being aUowed to amount and timing of the addition of at least one 

material (supfc and so forth), and/or amount of light 

20 The computer may optionally also be able to detect the amount of waste being 
produced. . 

The .computer is preferably connected to the various measuring instruments 
present with xp^Ofd to the operation of the present invention, as an example of a 
system for; autpm^tm^ operation of the present invention. 

25 For example; is preferably connected to a gauge (602) of gauges 

for controlling; ^ combination. Gauge (602) is preferably 

connected fo ^^ to a suitable air supply (604), and controls the 

flow of airpr 0^0p.g^(n^ to pipc {74). 

The. : ^ connected to a temperature gauge 

30 (606), wWch .isrmpr^ in the environment of container (20) but 

more pr<£ferably not ^mth^';CiOntain^ (20). The computer (600) is also optionally and 
prefer^ly able^ for controlling the temperature (608), such as 

a heater &<U6r$ 
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Tlie. computer (60$) is 6ptionally and preferably connected to a gauge (610) 
for controlling; the' flow of media and/or other nutrients from a nutrient/media 
container (612; hereinafter referred to 'collectively as a nutrient container) to 
container (20)^through pipe (80) of the present invention. Computer (600) may also 
5 optionally, additionally or alternatively, control valve (84). Also optionally, only 
one of valve (%):-0r g4iige;<6io) is present 

The <^infyutar (600) is . preferably connected to at least one port of the 
container, ^d;inore preferably (as shown) is connected at least to a harvest port 
(shown as pipe (50)) and optionally as shown to a sample port (612). Optionally, the 
10 sample port and the harvest port may be combined. The computer optionally may 
control an autbn^ated sampiler. and/or harvester for removing portions of the contents 
of the container, for.ies1iiig ancl/or harvesting (not shown). The computer may also 
optionaUy b&^ analyzing these portions of contents, 

for example h^ for operation of the computer. 

15 ' ■ 1-)?^ " • 

" V -S;f:' EXAMPLE 3 

: A CULTURING METHOD 

TTie present ^ a method for culturing and harvesting 

plant cells in.la^ disposable device. The device is optionally and 

20 preferably co^gured^ according to the device and/or system of Examples 1 and 2 
above. In this ^ placed in a container of the device 

according to present ^ This container is preferably constructed of 

plastic, whicht Imay ^ optionally be translucent and/or transparent, and which optionally 
may be rig^ have a degree of rigidity between rigid 

25 and flexible (e>g.ise^-4@d for example). Any other additional materials) are then 
provided, su^ a gas combination, and/or a sterile liquid or a liquid 

combmatiorij'^ Preferably, the device is constructed to 

feature ; ^ ^ (plant cells and/or one of the 

previousty^crit^ may be removed while still permitting at 

30 least one? additip^ cycle to be performed. Optionally and 

more prefekit*^ in suspension. 

Acc^rd^^ of the present invention, the plant cells 

are ciritoed ^ at least one sterile gas or gas 
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combination j^licrdiit^ of gases) added as required. Optionally and preferably, the 
sterile gas c«inpiijses a steiifo gas. combination which more preferably comprises 
sterile air, . ---^d^eiile^gBS^ 1 ^!!^^ -gas combination is preferably added to the 
container through ; j^ ;a^ .M^;. during each cycle, either continuously or in pulses, as 
5 previously descn,bed: : . 

St<^e>^ additives are preferably placed in the 

container through W^dditiye inlet as previously described. 

The pl^ftceUs; (as an example of an axenic inoculant) are optionally and 
preferably added ^puj^ Optionally and preferably, the plant cells in 

10 the container are^exposed to light, for example through an external light (a source of 
illumination extej^)t6vtti<B container), particularly if the container is transparent 
and/or IrapsluQ^at Y v 

The c^ll§>^ grow to a desired yield of cells and/or the material 

produced by fljie ^U's; such as a protein for iexample. 
15 Accor<to^ excess air and/or waste gases are 

preferably ^lp^i!^ through a gas outlet, optionally and more 

preferably cbh^u&u^ 

Als§ b^ti^nyiy ahcl preferably, the material in the container (such as the cell 
culture medium f$t exariipl^); is checked for one or more contaminants and/or the 
20 quality of the cells >anid/pr /bell produces) which are produced in the container. More 
preferably if o^ are found to be present or the cells and/or cell 

product(s) poor quality, the device and its contents are 

disposed of - - : 

At an appropriate time, particularly if contaminant(s) and/or poor quality cells 
25 and/or ceU: ^ iiot foundp at least a first portion of the material in the 

. container is ^ medium containing cells and/or cell 

produces). " \J^^^^-'^t^e^bl^' . a ^^oaixu4s second portion of material, such as 
mechum co£^^ cell; produces) is allowed to remain in the container, 

. wherein , 1^^g^^'V*^^ip^A may; optionally serve as inoculant for a next 
30 . culture/halves^ medium and/or sterile additives are 

provided fb£j^ cycle through the additive inlet. 

pie pr^ optionally performed more than once. 

Also, thfe/prf^ optionally be performed with a battery 
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(system) of $e^ces as: described with regard to Example 2. Optionally and 
preferably, th^ mettod permits cells to be cultured and/or harvested anaerobically. 

For ;&e;«^ a battery (500) of at least one group of 

devices, (ip);i^^ devices do not comprise an air inlet. For at 

5 least one . de^cfe : ^0) ihfere^f the following process is performed An axenic 
inoculant is iiiftdduced tp device (10) via common harvesting piping. Next, sterile 
culture meditim Md/ot sterile additives is added to the device via common additive 
inlet piping. (D^pti^ally, the device is illuminated as previously described. 

The cells ^h the device are allowed to grow in medium to a desired yield of 
10 cells and/or : produces) of. the cells. Optionally and preferably, excess air and/or 
waste gases device, more preferably continuously, via 

common gas outlet piping. 

As for vthe previous method, the material in the container is monitored for the 
presence of onl^^ and/or poor quality cells and/or poor quality 

15 cell product^; ^ in^Meh casfi the container and its contents are preferably disposed 
of Also ajs^for^ the cells and/or cell product(s) are preferably 

harvested at. avsWt^le^ t^ exaniple when a desired amount of cell produces) 
has been i>rbdupedl , 

tte: ab'q^^ optionally be performed aerobically in a battery 

20 of disposableVdei^Qes^ such^fbat sterile gas and/or combination of gases, such as 
sterile air; -is prpyidfed to 'device via common air inlet piping. 

Typip|Qly^ -a ; wiatei* ^ jpurification system supplies deionised and pyrogen free 
water to a t&njg ^c^ixiErising concentrated media, and diluted media is then pumped to 
the device (10); ^ia; ad(Utiye:.inlet Filters, typically 0.2 micrometer, are installed in 
25 the feed pipQS; tmd. : also just .upstream of the additive inlet to minimis e risk of 
contamm&tio^ coritents in each device (10). Alternatively or 

additionally, ^ni^^ay y^y^ may be also be used to minimize this risk. 

Fbr;fr&^ each device (10), inoculant, typically a sample 

of thet^e>6^ required to harvest in the device (10), is premixed with 

30 media or y^atCT and is introduced into the device (10) 

via the hkrve£t^ into the device (10) via additive input. For 

subsequ^t?^ and/or additives are introduced, as hereinbefore 

■ . described.' ; :v ^^fO : 'vy^"^- . • 
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Typicily^ ; ^<an air compressor provides substantially sterilized air to each 
device (10)* vfe i nuroberibf filters: a coarse filter for removing particles, a dryer and 
horaridity fflt^ humidity, and a fine filter, typically 0.2 micro-meter, for 

removing c^i^i^ants. . Preferably, another filter just upstream of the air inlet further 
5 minimizes the^rislg bf <^n&mdnation of the container contents. 
For each d^ 

additive i^et^and^refer^bly also to the gas outlet and to the harvester are autoclave 
sterilized, prior toj^use, and 'sterility is maintained during connection to peripheral 
eqiiipment, : ihcludmgi for example, air supply and exhaust by performing the 

10 connections in flife sterile hood as hereinbefore described. 

T^p^tiice- cpntrbl for. each device (10) is preferably provided by a suitable 
air conditioned Optional iUumination of the device may be provided by suitable 
fluorescent lights suitably arranged around the device (10), when required for cell 
' growthl \ .\ 

15 . Diii^ cyde of each device (10), the contents of each 

corresponding^ typically aerated and mixed for about 7 to about 14 

days, ot longer^^der controlled temperature and lighting conditions. 

At '-^fe^fif.1^'' t C^pah^'xsydG for each device (10), the corresponding 
harvester is : C0i^ctGd to a presteriUsed environment with suitable 

20 connectors ' ^^c&^Sre sterilized prior and during connection* as hereinbefore 
describ^^H^!e^^gas :the^: effected, leaving behind between about 2.5% to about 
45%, thou^ ^ic^ly bestween about. 10% to about 20%, of cells and/or tissue to 
serve asinociilpte 

The vh^ cell produces) may then optionally be 

25 dried, or extr^bt^^'xequ^red. 

^c^rSm^tb ^ .pref^ed embodiments of the present invention, the process of 
cell cmlhiringih^ ^fpptioi^^y be adjusted according to one or more of the following. 
These; adj^tiiign^^ ^e jpr^fer^jy performed for culturing plant cells. According to a 
first adjratpiei^ suspension in culture media, the amount of 

30 media beiti£^ (e.g. on day zero) is preferably at least 

about 12'5% ^ and more preferably up to about 200% of 

the recx>mme£i^^ 
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Another optional but preferred adjustment is the addition of media during 
growth of the . cells but before harvesting. More preferably, such media is added on 
day 3 or 4 after stalling the culture process. Optionally and more preferably, the 
media comprises T concentrated culture media, concentrated from about 1 to about 10 
5 times and thereby, providing ; a higher concentration of nutrients. It should be noted 
that preferably 'sufficient m is provided that is more preferably at a 

concentration : p.f :^e^^'oU]t.l25%-of a normal concentration of medium. Addition 
of media means that fresh media is added to existing media in the container. When 
added as a concentrated solution, preferably the resultant media concentration is 
10 close to the. normal 6r initial concentration. Alternatively, the media in the container 
may optionally be completely replaced with fresh media during growth, again more 
preferably bn day 3 . pr 4 after starting the culture process. 

Another qptiprikl but preferred adjustment is the use of higher sucrose levels 
than is normally recoihmended for plant cell culture, for example by adding sucrose, 
15. such that the -Concentration in the media may optionally be 40g/l rather than 30g/l. 
. One or mbrfe ptii^ siugars may optionally be added, such as glucose, fructose or other 
sugars, to complement sucrose. ; Sucrose (and/or one or more other sugars) is also 
optionally and;ip^efferably ^4<sd during the cell culture process, more preferably on 
day 3 or 4 after starting the culture process. 
20 Another pptibnali adjustment is the addition of pure oxygen during the cell 

culture prPcbssi mbte preferably on day 3 or 4 after starting the culture process. 

Auothet pp r tional #dju§tment is the use of increased aeration (gas exchange), 
which as showii itx ^eater ;4?tail below, also results in an increased cell growth rate 
in the device aecordijfig ^tQ the-present invention. 
25 - • V^ : ^.- - ;'* - : * " 

'['/J ■ EXAMPLE 4 

EXPERIMENTAL EXAMPLE WITH VINCA ROSEA CELLS 
This experiment was : performed with cells from Vinca rosea also known as 
_ . rose periwi^g/ ^ ... 
30 .A .'gSQui? ofrlOv^ioire^ctprs. (each a device according to the invention), each 

with a bont^CT ^ copolymer, (0.1 mm wall thickness, 

20 cm diairietferj £2 in h^igj^i complete with 30 mm ports at 5 cm (for air inlet), 25 
cm (forli^e^^^ inlet), and 90 cm (gas outlet) from the bottom, 
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effective tillable volume about 10 lifers was used. The bioreactors, together with 
their fittings, were sterilized by gam m a irradiation (2.5 mRad). 

Nine Uters of Schenk & Hildebrandt mineral/vitamin medium, 2 mg/1 each of 
cMorophenpxyacetic/acid iaiid 2,4niicMorophenoxyacetic acid, 0.2 mg/1 kinetin, 3% 
5 sucrose, and £00 ! jail packed volume initial inoculum of line V24 Catharanthus roseus 
(Vinca) ceUs'^efe -m into each bioreactor. The volume of air above the 

surface of th£ m^ Aeration was carried out using a flow volume of 1.5 

liter/min stefila air, provided through a 4 mm orifice (air inlet), located 1 cm from the 
bottom of the cxHitainer. 

10 The bioxeajctprs were mounted in a controlled temperature room (25 ° C) and 

culturing w^<?bntiriue(d; for 10 days, until the packed volume increased to about 7.5 1 
(75% of the to^ypliinie; a dpubliiig rate of % days during the logarithmic phase). At 
this time pbi^t, ce^s were harvested by withdrawing 9 liters of medium and cells 
through the harvester and 9 liters of fresh sterile medium together with the same 

15 additives wer^ added via the additive inlet. Cells were again harvested as above at 
10-day intervals j. for .6 additional cycles, at which time the run was completed. 

A totaJ,{wq^ht of 6:5 kjg fresh cells (0.5 kg dry weight) was thus collected 
over various ^enpcls of time, such as seven, ten or fourtieen day intervals, from each 
of the 10 1 capacity .bioreactors. These cells had a 0.6% content of total alkaloids, the 

20 same as the stalling line. Therefore, clearly the device of the present invention was 
able to maintej&i rind, grow the cells in culture in a healthy and productive state, while 
maintaining , sirpijax or idenHcal cell characteristics as for cells from the starting line. 

<.S%:'\':A\; >>■ EXAMPLES 
25 E&MRMffiJWAL EXAMPLE WITH PLANT CELLS 

Example SaiCldning and Large-Scale Expression of Human Glucocerebrosidase 

in Carrot Cell Suspension 
This Ekamgle provides a description of experiments that were performed with 
transformed plantvp^Us;, cultured in the device of the present invention, according to 
30 the method o^^^ 
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Materials and Experimented procedures: 
Plasmid vectors: Plasmid CE-T 

Plasmid .<35*T was constructed from plasmid CE obtained from Prof. Galili 
[United States patent 5,367,110 November 22, (1994)]. 
5 Plasmid CE was digested with SalL 

'Th$-S*^^ was made blunt-ended using the large fragment of 

DNA polymerase^T. ^erb the plasmid was digested with PstI and ligated to a DNA 
fragment <x)digg;fQf the ER targeting signal from the basic endochitinase gene: 
[Arabfddpsis \ • majiar^ ATCTTTTTCT CTTTCTCATC 

10 TITTC ACTtG TCC?T ATC ATT ATCCTCGGCC GAATTC (SEQ ID NO: 10), and 
vacuolar t^getiig^ sigpal from Tobacco chitinase A: GATCTTTTAG 
TCGATACTAt d (SEQ BD NO: 11) digested with Smal and PstL 

The Sail cohesive end was made blunt-ended using the large fragment of 
DNA {X)lymq^^l;-^m'-^' plasmid was digested with PstI and ligated to a DNA 
15. fragment coding for the ER targeting signal (SEQ ID NO: 1), a non relevant gene, 
and vacuolar targeting signal (SEQ ID NO: 2), digested with Smal and PstI. 

pGKEEI^f: was obtained from Dr. P. Mullineaux [Roger P. Hellens et at, 
(2000) Plant ;$lpfe^ Expression from the pGREEN II vector is 

controlled by Sthe$5i3 promoter from Cauliflower Mosaic Virus (SEQ ID NO: 9), the 
20 TMV (Tobacco ; Mos^ie : . Virus) omega translational enhancer element and the 
octopine ^ synthjfee;tecaain tumefaciens. 

ClJ^l.fi^b.^^bj^^ from E. coli containing the human GCD cDNA 
sequence { (Gc^ No: M16328)(ATCC Accession No. 65696), as 

describea ; b^%6^; : et "mV(^AS- USA: 1985; 82:7289-7293), GC-2.2 [GCS-2kb;. 
25 lambda-EiZZ-g9niiia3^ : ffojho sapiens] containing glucosidase beta acid 
[glucocerebrqsi^^ 2.20; Tissue: fibroblast WI-3 8 cell. 

Construction of expression plasmid 

The <^NA : cpdirig for hGCD (SEQ ID NOs: 7 and 8) was amplified using the 
forward: 5.' C AC^AATTG GCCCGGCCCTGCA 3'(SEQ ID NO: 3) and the reverse: 
30 5' CTCAOafetC^^A^ ID NO: 4) primers. The purified 

PCR DNA; ^'^^/..^y^/'-^gested./wifh endonucleases EcoRI and BgUI (see 
recogintibii:^ primers) and ligated into an intermediate 

vector hayingfw0^ E-T digested with the same enzymes. The 
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expression cassette was cut and eluted from the intermediate vector and ligated into 
the binary vector pGREENII using restriction enzymes Smal and Xbal, forming the 
final expression vector. Kanamyciii resistance is conferred by the NPTII gene driven 
by the nos r promoter obtained together with the pGREEN vector (Fig. 11B). The 
5 resulting expressibn cassette (SEQ IDNO: 13) is presented by Fig. 1 1 A. 

The ^ iresiid^gjplasmid was sequenced to ensure correct in-frame fusion of the 
signals using . fpUowing sequencing primers: 5' 35S promoter: 5' 
CTCAGAAGkCCAGAGGGC 3 9 (SBQ ID NO: 5), and the 3' terminator: 5' 
CAAAGCGC5.eeATCGt0G 3;(SEQ.ro NO: 6). 

1 0 Establishment of carrot callus and cell suspension culture 

Establishment; of carcoi callus (i.e., undifferentiated carrot cells) and cell 
suspension caflto^sVwere pjaifonned as described previously by Torres K.C. (Tissue 
culture techniqueis for liortipujar crops, p.p. 1 1 1, 169 ). 

Transforntation of carrot, delist and isolation of transformed cells. 

15 Transformation -of: carrot cells was preformed using Agrobacterium 

transformation by an adaptation of a method described previously [Wurtele, E.S. and 
Bulka, K. Plant Sci. 61 :253-262 (1989)]. Cells growing in liquid media were used 
throughout the process instead, of calli. Incubation and growth times were adapted for 
transformation of bells in liquid culture. Briefly, Agrobacteria were transformed with 

20 the pGREEiST >n^vectot .^y ^lectroppration. [den Dulk-Ra, A. and Hooykaas, PJ. 
(1995) jMette^ then selected using 30 mg/ml 

paromoinyqin^; ^ were transformed with Agrobacteria and 

selected using. 60< m^friA o£ rparompmycine antibiotics in liquid media. 

Screening cells for isolation of calli expressing high 

25 levels (jf G<CD\ V]^,' . ' ^ 

14 days fblloyving -transformation, cells from culture were plated on solid 
media at'dilution/of 3% pabjced cell volume for the formation of calli from individual 
clusters of ^ celjis. When in<Mvidtial calli reached 1-2 an in diameter, the cells were 
homogenized in SDSJsample buffer and the resulting protein extracts were separated 

30 on SDS-PAGE sj^emmii U., (1970) Nature 227:680-685] and transferred to 
mtroceUulos^ ;0 . nitrocellulose, 0.45 micron: Catalog No: 

RPN203C ;Fr^;^ as described in greater detail below. 

Western " bibt3vfo^^el»Gt^n "-^i^ . C3C3C>/*- was- preformed using polyclonal anti hGCD 
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antibodies (described herein below). Calli expressing significant levels of GCD were 

expanded and fransfiared to grbwfli in liquid media for scale up, protein purification 
and analysis: 

Large-scale culture growth in a device according to the present invention 
5 An about ;icin : callus of genetically modified carrot cells containing the rh- 

GCD gene (S5<^^NOs: 13 tod 14) was plated onto Murashige and Skoog (MS) 
9cm diam^tei? kjj>^ /containing 4.4gr/l MSD medium (Duchefa), 

9.9mg/l thiai^ 0-5mg folic acid (Sigma) O.Smg/l biotin (Duchefa), 

0.8g/l Casein^ 30g/l and hormones 2-4 D (Sigma). The 

10 callus was ,grp;^ 

Sxispei^idi^ celi ctdfure was prepared by sub-culturing the transformed callus 
in a MSD (M^ & $kpog (1962) containing 0.2 mg/1 2,4-diclorbacetic add) 
liquid medium^ ^i^^well^oi^n in. the art. The suspension cells were cultivated in 
250ml Erlenm^yer flask (working yplume starts with 25ml and after 7 days increases 

15 to 50n4) at ^G ^with shaking spfced of 60ipm. Subsequently, cell culture volume 
was mcreas^;^ by addition of working volume up to 300ml under 

the same conditions/ fcocidiim of the small bio-reactor (10L) [see WO 98/13469] 
containing 4E>MSD m^diuin, was obtained by addition of 400ml suspension cells 
derived from that were cultivated for seven days. After week of 

20 cultivation^ ^S^yftth 1£ pin airflow, MSD medium was added up to 10L and the 
cultivation.^ conditions. After additional five days of 

cultivation, ^^ and collected by passing the cell media 

through :80ft f^^^^^i^a-^^iim-^as squeezed out and the packed cell cake was 
. store at^6 d <^W^ ' 

25 In a ^ (Glucocerebrosidase (GCD)) 

carrot cell ^sjienSion w^Vmeastired in a device according to the present invention as 
. opposed to E^e^eyer fl&Tc. Growth was measured as packed cell volume (4000 
ipm) and as djty Syeight Measuring growth in the Erlenmeyer flask was performed by 
starting 21. \fl^^^ 3 flasks every day. The harvested flasks were 

30 measured, fof^^ and GCD content. Reactor harvest was 

performed by^ing jhe 'tiaiiy^t'pbrt (harvester); each day 50 ml of suspension were 
harvested 'ife^H^^^m^: : d^^^^bLt* mectsui^aieait/ • 

Figiir^jl2fshpws tKat'fhe ceUs grown in the flask initially show a higher rate 
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of growth, ipossibly^due to the degree of aeration; however, the rates of growth for 

cells grown iii the device and, in the flask were ultimately found to be highly similar, 

and the experimental results obtained in the below experiments to also be highly 

similar. 

5 The e^ount of protein in the transfected plant cells was then measured. GCD 

was extocfedv^^^ 0.5 M pH 7.2 containing 10% w/w PVPP (Poly 

vinyl poly pjrdli^ X-100. GCD content was measured in samples 

from flask gro^ ^s^e and/or with samples taken from cell cultures grown in 

the device of ffie^resent^vSention, by using quantitative Western blot. The Western 

1 0 blot was performed : ajs foHowsi 

For-t^ the obtained sample were separated in SDS 

polyactylamide g^el^ctrdphoresis and transferred to nitrocellulose. For this purpose, 
; SDS polyacryla^ prepared as follows. The SDS gels consist of a 

stacking gel add a resolving g^^ with Laemmli, UK 1970, Cleavage of 

15 structural prptei^;4v^ng - assembly of the head of bacteriphage T4, Nature 227, 680- 
685). The coi^^sitioh of .the resolving gels was as follows: 12% acrylamide (Bio- 
Rad),. 4 inic^ Sigma 
catalog humb^ t^?^ per 10ml of gel solution, 0.1% SDS, 375 mM Tris-HCl, pH 
8.8 and amtriomim persT^fate (APS), 0.1%. TEMED and ammonium persulfate were 

20 used in this .^htQxt free radical starters for the polymerization. About 20 minutes 
after the ifl^ the stacking gel (3% acrylamide, 0.1% SDS, 

126 mM l^p^ and 5 microliters of TEMED per 5ml of 

stacking gel si^ above the resolving gel, and a 12 or 18 space comb 

was insert^t<p;ci^ 

25 The anpdkftod .c^ were filled with identical buffer solution: 

Tris glycine b>^^^ (Biorad, catalog number 161-0772), pH 8.3. The 

antigenrcohteii^g: materi&l-'was treated with 0:5 volume of sample loading buffer 
(30ml glycerol ^ (^jj^a c^tdog number G9012), 9% SDS, 15 ml mercaptoethanol 
(Sigma. cat£^ .187.5 mM Tris-HCl, pH 6.8, 500 microliters 

30 brompphenol^ 100 ml sample buffer), and the mixture was then 

heated at 1 00 JC fpt'5 untiutes and loaded onto the stacking gel. 

TW. e^ performed at room temperature for a suitable time 

period/ for :ex^ xisirig a constant current strength of 50-70 volts 
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followed by 45-60 i^in at 180-200 Volt for gels of 13 by 9 cm in size^ The antigens 
were then trai^feired;to riitroceliulose (Schleicher and Schuell, Dassel). 

Protein;transfer was performed substantially as described herein. The gel was 
located, together^ with the adjacent nitrocellulose, between Whatmann 3 MM filter 
5 paper, conductive, 0:5 cm-thick foamed material and wire electrodes which conduct 
the current by way of platinum electrodes. The filter paper, the foamed material and 
the mlxoeeUuib^w^ thoroughly with transfer buffer (TG buffer from 

Biorad, catdog ntrober, i 61-0771, diluted 10 times with methanol and water buffer 
(20% methanol)}.'. The transfer was performed at 100 volts for 90 minutes at 4°C. 

10 :^er &ei^ sites on the nitrocellulose were saturated, at 4 

°C ov^-ni^i^ containing 1% dry milk (Dairy America), and 

0.1% TVe^M^ with phosphate buffer (Riedel deHaen, 

catalog -nuinber -30435). TOe^.biot strips were incubated with an antibody (dilution, 
1 :65O0 in phosphi^ cohtmnihg 1% dry milk and 0.1% Tween 20 as above, pH 

15 7.5) at 37 °C.^ tteur. " 

After inc^ation with the antibody, the blot was washed three times for in 
each case 10 rmnutes with PBS (phosphate buffered sodium phosphate buffer (Riedel 
deHaen* catalog number 30435)). The blot strips were then incubated, at room 
temperature, fqr 1 % with a suitable secondary antibody (Goat anti rabbit (whole 

20 molecule) • HRjE> :$3jgtaa : oat#A-4914)), dilution 1:3000 in buffer containing 1% dry 
milk (Dai^^ A^ 0.1%. Tween 20 (Sigma Cat P1379) diluted with 

phosphate ,Jbii^ number 30435)). After having been 

washed seyeMrfo the blot: strips were stained with EGL developer 

. reagents (j^ti^ 

25 ^fi^t ih the ECL reagents the blots were exposed to X- 

. ray film;^ aid developed with FUJI-ANATOMDt developer 

arid fibt^^*(^§^;:^ ca#EI^TU *l out of 2). The bands featuring proteins that 
were bound by^^ after this treatment. 

Fij^ that the amount of GCD protein 

30 relative "to &e total: protein (plant cell and GCD) was highest on days 3 and 4, after 
which the relative leVel of ;GGD declined again. Results were similar for cells grown 
. m flasfe orini^ 
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Next, th£ §tart points of 7% and 15% packed cell volume were compared 
(again, results werp similar for cells, grown in flasks or in the device of the present 
invention). By^*palcked cell volume" it is meant the volume of cells setttling within 
the device of ihe present invention after any disturbing factors have been removed, 
5 such as aeraitiori of the media. Figure 14 shows the growth curves, which are 
parallel; Figure .15 shows, the amount of GCD protein from a quantitative Western 
blot, indicating tfiat the ambunt of GCD protein relative to the total protein (plant cell 
and Qf^yyS^'^^^'^''^^ S and 6, after which the relative level of GCD 
declined agaii (it> should be noted that samples were taken from cells grown from 

10 15% pack^c^U^olume).;; , 

> <^qwlK wj^ iheasiired over an extended period of time (14. days) to find the 
. stationary poin^ wh fl^rate.of growth levels off. As shown with regard to Figure 
lis, this pomtHsV:^ after which growth is reduced somewhat. 

Therefore, : .m-?p^ cells transfected with a polynucleotide 

15. expressing GCp,%teferably /cells are grown at least until the stationary point, which 
in this Example i£ preferably until day 8 (or shortly thereafter). 

Figurev/i7' shows : amount of GCD (relative to other 

proteins); is produced by transformed cells through day 8, after which the amount of 
GCD produced starts to decline. 

20 Adding jit least some fresh media to the container was found to increase cell 
growth and ^Ift^^^ouht ;bf GCD being produced by the cells. As shown with regard to 
Figure I8,v^ media (media addition) and/or. 

replacitent df^^ on the fourth day maintains high growth 

level of cells Bfeypnd da^ : 8 . Furthermore, the replacement of media with fresh media 

25 on day four ^ amount of GCD to be produced (see 

Figure 19 for ^ Refreshing media" refers to replacement of 

all media vri^ concentrated fresh media on day four, also 

results \in a: ; 1^^ being produced (see Figure 20 for a quantitative 

WesteriLbloit)^ - 

30 The .e^ sugar regimes on cell growth is shown with regard to 

Figure 21, ;and ; on . production : of GCD is shown with regard to Figure 22. As 
previously -4<£c^!^ higher sucrose levels than normally 

■ recomiheii^^^o^ used, for example by adding sucrose, such 
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that the coiibentratioh in ti^e media may optionally be 40g/l rather than 30g/l. One or 
more other sug^.;niay optionally be added, such as glucose, fructose or other sugars, 
to complement sucrose. Sucrose (and/or one or more other sugars) is also optionally 
and preferably .added dupng the cell culture process, more preferably on day 3 or 4 
5 after starting ihe culture process. The effect of these alterations to the cell culture 
process is described, iii greater detail below. 

In Figured 1, the label 40g sucrose indicates that 40g of sucrose was added at 
the start of cell gpwth;. the label "30g sucrose + lOg glucose" indicates that this 
combination ^.sugars: .^as 'present at the start of cell growth; the label "extra 

10 . sucrose" iiidicat^'&at 30 

and that 30g/l-:^ medium on day 4; the label "extra MSD" 

indicates that?]^ addfed; and the label "control" indicates that 30g/l 

sucrose was/^reis^ (start of cell growth). As shown, the presence of 

extra MSt> had &e greatest effect by day 7, followed by the use of a higher amount 

15 of sucrose (40 followed by the addition of sucrose mid-way through the growth 
cycle. 

Figure J22^ shows that both the use of a higher amount of sucrose (40g/l) in 
Figure 22 A and; the addition of sucrose on day four (Figure 22B) increased the 
amount of GCt> produced;, however, the latter condition produced a spike of GCD 
20 production ond^yvS, While the fonher. condition provided overall higher amounts of 
GCD production for Several cfoys. . 

lacrfea^^va^ (i.e. - the presence of a more rapid gas 

. exchange) ^<£i^^ both increased the rate of growth of 

GCD ti^fotm^/ pW For these experiments, the cultures were initially 

25 aerated at; a! ^ per minute. Increased aeration was performed by 

increasing -the ^flow : to 1.5 or 2 liters per minute, as shown with regard to 

Figure 23.; Qxyg^^ on the fourth day, with up to 300% oxygen 

added ^ sho^ Figure 24 (solid line without symbols shows the 

oxygen pressi^e)V iOthei^vi^e the conditions were identical. 
30 Figure -23 :sho^s the effect of aeration rate on cell growth in a 10 L device 

according tO /meipr^ As shown, increased aeration (greater than the 

. base of 1 L* ^iexcharig6 per minute), provided as L5 L per minute (Figure 23A) or 2 
L per minute (£i^e: 2^ in an increased level of cell growth. 
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Fi^e^4*«hbws tiie effect of adding more oxygen to the device according to 
the present inyeijfipn. Oxygen, was added starting on day 4; the pressure of the 
additional bxygeitas shown a solid black line without symbols. It should be noted 
that because tie ceU cuitbfe medium becomes increasingly viscous as the cells grow 
5 and multiply, othe .measufejnent.of oxygen pressure can be somewhat variable, even 
though the flow of oxygen .was maintained at a constant level. As shown, cells 
receiving extra oxygen clearly showed a higher growth rate, particularly after day 7, 
when the: groyrth rate typically starts to level off, as shown for cells which did not 
receive oxygeri. V ; . , ■ 

10 .- Example 5b: 

. Cloh trig {wd Expression of Biologically Active Human Coagulation Factor 

. I.'.y vf , ■•; y ■ X4n Carrot Calli 

M&terihls& 
\PltiStt$i§& 

15 the CE-K plasmid is a Bluescript SK+ 

plasmid (Strat^jgetie, La J6lla CA)(SEQ ID NO: 15) with an additional cassette in the 
polycloning site containing fall the necessary elements for high level expression and 
retention.in ;t& ^ endoplasn^q reticulum of the plant cells. This cassette includes (see 
sequence (SEQ ID NO:l<6 and map, see Figure 26): CaMV35S promoter, omega 

20 enhancer, DNA fiagmerit coding for the ER targeting signal from the basic 
endochitinase^ehe :\Arabi4opsis ihdliana], EcoRI and Sail restriction sites for fusion 
of the reTOi^igdnjt^ ^-g^feiylObEL/ -ER retention signal, and the transcription 

*.- ^V'O J;". :"'.' . ' • ' *. ' 

termination ^fl^pQlyade^ of the Agrobacterium tumefaciens octopine 

synthase {OC^%^p.Q: . ^ ^. 
25 pGr^njvkpior: fima^ plasmid vectors are designed to integrate manipulated 

. DNA mtq ithe^ pGREEN, is a second generation binary vector for 

plant tr^fpOT^ 

M the:;p^ of seperating functions which can act in 

trans were . talcen %step further. 'The RepA gene is not present on the cloning vector, 
3Q but is provided 0n a ^ c^mpatibie plasmid, which is co-resident within transformed 
Agrobacteiium > &Us: • removing the RepA function and other unnecssary 
conjugation ^Ctipns, vthip ^verajl plasmid size has been dramaticaly reduced. 
(Hellens, et .fei^MoliABio: 2Q00; 42: 819-832). 
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Clonii%$ Qf the Human Factor X gene: The cDNA for human coagulation 
factor X (HSFAC^ No: M57285)(SEQ ED NOs:17 and 18XXX 

was prepared :<:'fitfm/&$-/.iiUC^d Sig-CEXGLY-FX-HDEL, which includes the 
complete cE)NA for Factor. X. The coding region was amplified and restriction sites 
5 for Ecoltt'aha^^ according to art recognized protocols. 

Briefly, thevc^ of mature Human Factor X was amplified using the 

forward primer: : \ • 

Fx st^ EcbRI:5; CCGAATTCCGCGTAAGCTCTGCAGCC 3' (SEQ ID 
NO: 19) ■ ;\\ 
10 ABdr^'^e.;. iieyerse primer: Fx end Sail kdel: 

5'GCGTC(^£^^ ID NO:20); 

alspfefiab^g^i^ioti of signals, at the N- and C- terminals of the gene via the 
incorporated r£s^ 

rtlie a^pl^^tion i6d:ctions were carried out using the Expand High Fidelity 
15 PCR Syst^'- : (^ catalogue number: 1732650), according to 

manufacto^S-ift^^ PCiR products were separated on a 1% agarose gel 

for identificatib^fof : the factor X 'sequence. Figure 25 shows the predominant 
amplified HSS^^ arrow). The band was eluted, cut with the 

restriction . en^mes ^EcdM iaid Sail, and ligated into a purified CE-K expression 
20 cassette according to/manufacturer's instructions. 

The ligation ^ -ipixture. was tised to transform E-Coli DH5a and transformed 
bacteria Were ^eleidted pn agar plates with 100/ig/ml ampicilline. Positive clones 
were selebt§d^ FX forward and reverse primers, and further 

verified by^ 

25 ' 'l&i jM^#'^e was cut from the CEK-FX-ER plasmid using 

restriction ^^ij^^A^iS and XbaL The binary vector pGREEN noS-kana was cut 
with the S^e^ eluted from 1% agarose gel. The 

binary.; vector^ cassette were ligated, and used to transform 

E. coli DI^^ growth and plasmid extraction, 

30 positive ; .clbie§%^ PGR and restriction analysis with HindlH and BgUI. 

The selected -^lb^'^G (Figure 28,) was further verified by 

sequencing^ ^yifi'^ ;* 



WO 2005/080544 PCT/IL2005/000228 

■ • N-Ir'^^ 63 

Pf^^^i^i^d^^tipn:.- -Transformation of carrot cells was performed using 
Agrobacteri^.^ adaptation of a method described previously 

[Wurtele, E.S^ 61:253-262 (1989)]. Cells growing in liquid 

media were us^^ou^oixt Reprocess instead of calli. Incubation and growth times 

5 were adapted^oir trb^formialion of cells in liquid culture. Briefly, Agrobacteria 
LB4404 Were? %j^fonned : with,, the pGREEN noskana FX-ER vector by 
electroporatipn' [den Duik-Ra, A. and Hooykaas, P. J. (1995) Methods MoL Biol. 
55:63-72] ^d.^en. Selected mg/ml paromomycine antibiotic. Carrot cells 

(Daucus carQtcfy iwpj;& transformed with Agrobacteria and selected using 60 mg/ml of 

10. paromomyein^iantibiotics in liquid media. 

' - ''^^-i^^Vv^'-d 1 "''- Results 
Expreskionty^fa Factor X in Cultured Carrot Cells 

Expre&&n '^ in carrot cells: Transformed carrot cells were 

grown in - G^^m'. Mur^shige & Skbog medium (Physiol. Plant, 15, 473, 1962) 

15 supplemented- acetic acid, as described for GCD 
hereinabove! £^ after which the cells were harvested. 

Excess liquid;^ 100; mesh filter. The cell contents were extracted 

for the evaluati^ Carrot cells 

transformed -V^itli ^e,FX cDNA were analysed for FX expression by Western blot 

20 analysis xisih^R^^ X purified IgG From Affinity Biologicals 

; (HamUfon Ontario*^ ^Canada); A nuiriber of different cell lines were analysed (Figure 
30). Figure.30 paries 1 . and 2) demonstrate the strong expression of Human factor X 
in the pakot c^Us. Jl^e (Ufifetent sizes observed are due to partial proccessing of the 
. recombmi^t fij^ ■ - 

25 . Tocoi^^ protein, it's ability to be cleaved 

by furin ^'aj^^^^^S^]^ a cdcium dependent serine protease, and a major 
processing (et^ pathway. Furin cleaves Factor X as well as other 

clotting fe^^ Furin was purchased from New England Biolabs 

and the : cl^ay^ according to the manufacturer's 

30 recomendatipn|; ^ij^e i i stows the accurate digestion of the recombinant factor X 
by the fbrin^ 

Activity analysis in carrot tells: Activity assay of the recombinant factor X 
was perfoim^^ FXa (Pefa-5523, Chromogenix, Milano, -Italy)* a 
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chromogemc;^ Xa. Figure 32 (see solid lines as compared 

to the broken lines), clearly show accurate Factor X activity in the extracts from 
carrot ceUs;e^j?ressi^g thfe rewmbiriairt FX grown in large scale culture. 

Large-scale culture growth in a device according to the present invention 
5 v^-'-Ac^-^-Ggii. callus of genetically modified carrot cells containing the 

recombinant hiini^ FX gdne (SEQ ID NOs:l6 and 21) are plated onto Murashige 
and Skopg.(N^S) 9cm diameter agar medium plate containing 4.4gr/l MSD medium 
(Duchefa)j 9;9rtig/l thiamin HCL. (Duchefa), 0.5mg folic acid (Sigma) 0.5mg/l biotin 
(Duchefa), 0/$g/l Casein tiydrolisate (Duchefa), sugar 30g/l and hormones 2-4 D 

10 (Sigma, St LoMs^ MO). The callus is grown for 14 days at 25°C. 

Suspension cell oultuire is prepared by sub-culturing the transformed calius in 
a MSD (NI containing 0.2 mg/1 2,4-dicloroaCetic acid) 

• liquid inedit^i *^ art. The suspension cells are cultivated in 

250ml Erle^ starts with 25ml and after 7 days increases 

15 to 50ml) at 25^c)wi^;sha^g speed of 60rpm. Subsequently, cell culture volume is 
increased -to - ^ addition of working volume up to 300ml under the 

same conditibns^ Inopulum^ the small bio-reactor (10L) [see WO 98/13469] 
containing 4L -:l^St) m is obtained by addition of 400ml suspension cells 

derived from i&Q -livErleinneyer flasks that, was cultivated for seven days. After a 

20 week of cultivatipn at 25 °C with ILiter per minute airflow, MSD medium is added 
up to 1QL ^&jfte^ continued under the same conditions. After additional 

five days of ^c^1iya v tion; .mbst of the cells are harvested and collected by passing the 
cell media tbipugi^ SO^ net. The extra medium is squeezed out and the packed cell 
cake stcyreis^^j^Qy r 

25 E^m]$^ and Expression of Human Interferon ft in Carrot 

^;V:^5;-./'^- : ;; Cain 

Maietty^ . 

C&W&I^ of the CE-K plasmid is a Bluescript SK+ 

plasmid (Str£^ ID NO: 15) with an additional cassette in the 

30 polycloning site 'containing ail J the' necessary elements for high level expression and 
. retention iii ttoe i^d^lanmG^^culum- of the plant cells. This cassette includes (see 
sequence. ^^^t?^O^^ s Figure 37): CaMV35S promoter, omega 
enhancer, the ER targeting signal from the basic 
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endocMtinase'jgeaie [(Arabidppsis thaliana], EcoRI and Sail restriction sites for fusion 
of the recoi^bijiJEUit; gfe^e, : KDEL .. .ER retention signal, and the transcription 
tenninatiori aiid .^ly^enyiation signal of the Agrobiacterium tumefaciens octopine 
synthase (OCS) gene>. ' ; 
5 pPZPill: tBirtkiy. vector aire designed to integrate manipulated DNA into the 

genome of plants; >The binary Ti vector pPZPill (Hajdukiewicz, et al. Plant Mol 
Biol 1994; .25i;9894?94) panics the gene for kanamycin resistance, adjacent to the 
left border. 0B);0f :the transferred region. A lacZ alpha-peptide, with the pUC18 
multiple cloniiig .site (MCS), lies between the plant marker gene and the right border 
10 (RB). Thus, .since the RB is transferred first, drug resistance is obtained only if the 
passenger gens? ispresfcnt in the transgenic plants. 

Clqningpf the Human Interferon 0 gene The cDNA for Human Interferon jS 
(Ifti& HU^ No. M28622, SEQ ID NOs: 22 and 23) . 

gene was qbtam^froin H^ CPeprqtech Inc. Princeton, NJ). The coding region was 
15 amplified ^d;i<es.^ and Sail addition for sub-cloning. Two portions 

.• of the coding rej^cjn; of OTature Human Interferon j3 sequences were amplified, 
alternatively tairg^ted 'to &e mdoplasmic reticulum (using primers 1 and 2) or to the 
apoplast (using printers l and: 3): 

1. vForWard pitoiers: Ifh0 start EcoRI: 

20 S'CAGAA^CA^GAGGTAT^TC 3 ' (SEQ ID NO: 24) 

,2s . ..Reyersfe Apnmer: IfhjS end Sail kdel 

S'GGATGTCQA^ACGCAGGTAG 3' (SEQ ID NO: 25) 

3, Re^^ ' II: IfiajS end Sail STOP 

5'GTGtiCG^Tf^^ 

25 ^so;en^l|pi^ ; at the N- and C- terminals of the gene via the 

incorporated r&^ 

.Tie ^p^^ were carried out using the Expand High Fidelity 

PCR System --^Rti^ catalogue number: 1732650), according to the 

manufacturer^svins^ PCR products were separated on a 1%. agarose gel 

30 for identificatiptf p^ j3 sequence. The PCR product band was 

. eluted as descMh|d herein and 10% of the eluted DNA was separated again on 
a 1% agafose^geL fo^ purification. Figure 33shows the purified 

cloned Hum^fj^^ (arrow marks the PCR product). 
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Tbto'SfgBe'Jjffi cut with the restriction enzymes EcoRI and 

Sail, and UgatetfL into a C?E-K expression cassette according to manufacturer's 

instructions, v .*/.;.' > 

The ligation' ^mixture, .was .used to. transform E-Coli DH5a, transformed 

5 bacteria were sblepted on agar plates with 1 OO/xg/wl ampiciline. Positive clones were 

selected by iPGR analysis i^ing 3 5S forward (SEQ ID NO:" 5) and Terminator reverse 

(SEQ H) NO: ;6)^niiers (Figures . 34 and 35). The cloning was further verified by 

restriction analysis; using EcoRI + $all, and Kpnl + Xbal (Figure 36). 

The expression cassettes were cut from the CEK-ifii-ER (Figure 37) and 

10 CEK-ifii-STdP. plasmids using restriction enzymes Kpnl and Xbal. The binary 

vector pPZP ll l jpFigu^e 38) was also cut with Kpnl and Xbal, dephosphorylated and 

eluted from 1%: agarose gel. The binary vector and the interferon expression cassettes 

were ligated; ;tra^foimation to3< coli DH5o: and plasmid extraction, positive 

clones wereyrai^&^y^-CR md restriction analysis. 

15 Plant tr^t^ of carrot cells was performed using 

Agrobacteriufn. tt^foiroation by an adaptation of a method described previously 

[Wurtele, E.& ;rad^ Sci. 61:253-262 (1989)]. Cells growing in liquid 

media were us^ throughout the process instead of calli. Incubation and growth times 

were adapted fo^.tf of cells in liquid culture. Briefly, Agrobacteria 

20 LB4404. were^ the "pzp-ifia-KX)EL n and pzp-i&L-STOP" vectors by 

electxoppratidii Hooykaas, PJ. (1995) Methods Mol. BioL 

55:63-72] ^dr^^ix jselectied Vising. 30 mg/ml paromomycine antibiotic. Carrot cells 

(Daucus carota) were* trax^fdrmed ^dith Agrobacteria and selected using 60 mg/ml of 

paromomycin^ an^^ 

25' v"- ■ & esults 

Expression^ Interferon in Cultured Carrot Cells 

Expre&idttia^ Initial, analysis'. Transformed 

carrot cells Murashige & Skoog medium (Physiol. Plant, 

15, 473, 19625 1 mg/1 2,4 dichloromethoxy acetic acid, as 
30 described for '^j^^gaff^S^iw. Cell were grown for seven days after which the cells 
were harv^fed; ^ was separated on a 100 mesh filter. Two weeks 

following the ^^fejmatioh :cell samples were collected for preliminary analysis of 
interferon expression using - & dot blot assay using monoclonal mouse and human 
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interferon bettf^fibbjdies ! todVafBidly. purified rabbit anti interferon beta antibodies 
(Calbiochdn^;La:; JoUvG^)* antibodies gave a strong and specific signal in 
interferon jS to^i^ormed cjejlls, and no signal in nontransfonned cells. 

Selection of best expressing calli: Two weeks after transformation, human 
5 interferon.^ 'expressing cells were poured over solid agar with selection antibiotics 
(Kanamycin andvGefota^dtoe) to isolate calli representing individual transformation 
events. After: ihe/ cdU were transferred to individual plates and 

grown fpr thre£ rtoitfhs. Enough material was recovered from the resultant calli to 
analyze the expression levels .in individual calli, and identify the calli having 

10 strongest expression. Figure 40 shows a sample Western blot for screening the 
transformed. c^U ^r. the strongest expression of human interferon j3 (see, for 
example, l^es-.l^ahd 2). , 

Activity analysis in carrot cells: In order to assess the biological activity of 
the recombMani^ ^.himah -interferon in carrot cells, the recombinant 

15 expressed prbteiij ' was assayed for the viral cytopathic inhibition effect (Rubinstein, 
et al J Vkol ^ : 0|l;37:^^758). Briefly, recombinant human interferon j3 samples 
were pre-(^vrf^/khd applied to a pre-fomied monolayer of WISH cells (a human 
amnionic ^ilfoe^ The WISH cells were challenged with vesicular 

stomatitis virus and cell viability monitored. The titer (expressed in U/ml) is 

20 determined relative to an NlH . standard human interferon |8. Table 1 shows the 
results of the jfiial cytopathic inhibition assay using protein extracts prepared from 
different ^^^sgenic carrot.lines. 

Table;l» Recombinant Human Interferon 0 Expressed in Carrot Calli 



Sample number 


Activity (U/ml) 


:>-.--'3i.vr' - : ' ••• ' 


6,000 




12,000 




16,000 




12,000 




16,000 



25 Tti^^^<S^" of t£bse results, recombinant human interferon j8 expressed in 

carrot calK identity with native 

humah'ihterf^ 
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Large-sciile culture growth in a device according to the present invention 
An about ; 1cm callus of genetically modified carrot cells containing the 
recombinant Hutrian gene .interferon |8 (SEQ ED NOs: 27 and 28) are plated onto 
Murashige aij4 Skpog (MS) . 9cm diameter agar medium plate containing 4.4gr/l 

5 MSD mednm'(E^che^ thiamin HC1 (Duchefa), 0.5mg folic acid (Sigma) 

0.5mg/l bioM;j(^^ Casein hydrolysate (Duchefa), sugar 30g/l and 

hormones 2A$> (Signcia, St Louis, MO). The callus is grown for 14 days at 25°C ! 

Suspension cell culture. is prepared by sub-culturing the transformed callus in 
a MSD (Muiislflge & Skoog. (1962) containing 0.2 mg/1 2,4-dicloroacetic acid) 

10 liquid mckUunj, as is :well. known in the art. The suspension cells are cultivated in 
250ml Erlehmeyer flask;(^ volume starts with 25ml and after 7 days increases 
to 50ml) at 25?C with shaking. speed of 60rpm. Subsequently, cell culture volume is 
increased to it ferienmeyer by addition of working volume up to 300ml under the 
same conditioip^^ bio-reactor (10L) [see WO 98/13469] 

15 containing ^ obtained by addition of 400ml suspension cells 

derived from^vyd Srlepbtneyer flasks that was cultivated for seven days. After a 
week of culti^atiiiin; 'at/2.§°G.^^- jtiter per minute airflow, MSD medium is added 
up to 10L and.thLe^ciidti^ under the same conditions. After additional 

five days of cuittyattoii, niosf bf the cells are harvested and collected by passing the 

20 cell media throu^ medium is squeezed out and the packed cell 

cake stored at ^0?£. . [ : * 

Example 5d: Cloning and E of Infectious bursal disease virus viral 
v ■ prbtein 2((VPU) in Carrot Colli 

Materials and Experimental Procedures 

25 GE P^/|i^ ;^e ,l7ackWe of the CE plasmid is a Bluescript SK+ plasmid 

(Stratagene, Jbiif GA)(SEQ E) NO: 15) with an additional cassette in the 
polyclorimg : sife ^ ilre necessary elements for high level expression and 

retention i^ the plant cells; This cassette includes (see 

sequence (iSEQj^ Figure XXX): CaMV35S promoter, omega 

30 enhancer, : the ER targeting signal from the basic 

endochitjnasfe> -gehCt^/^^^^ thaliana] 9 EcoRI and Sail restriction sites for fusion 
of the recomb^ signal, and the transcription 
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termination and pqlyadenylation signal of the Agrobacterium tuinefaciens octopine 

synthase (OCS) $ene,. . { 

pGA4p2: ;PMary vector are designed to integrate manipulated DNA into the 

genome of ,plmt^ pGA492 (An, Methods in Enzymol 1987; 

5 153: 292-365)?ca^esth0;geie for kanamycin resistance. 

Cloning of the infectious bursal disease virus viral protein 2 (VPH) gene: 

The cDNA. sequence for -\ infectious bursal disease virus viral protein 2 (VPH) gene 

(GenBank Adc(^4o*i No^L42284) (SEQ ID NO: 29) was obtained from DR. J. 

Pitkovski, MIGAL \Kijyat .Shemoua Israel). The virus genome is formed by two 
10 segments of doufcie^^ A (3.2 kb) contains two open reading 

frames (0RFs)j At' and A2: bjiF Al codes for a polyprotein of 108 kDa that, after 

proteolytic prbiress^ polypeptides: VP2 (VPH) (37 to 40 kDa), 

VP3 (30 to ,3^yB^md^4X22 kipa). VPII and VP3 form the virus capsid, and 

VP4 is respoi^ible ^ 

15 The cpdm was amplified with primers to facilitate cloning 

and signal jfa^on^ coding sequence of VPH was amplified using the 

forward primer: -i^- \ 
VPH- (SEQ I&iN^j: "joi^v^". . 

5' GCCTTeT^A^^ 3' 
20 And the ± eyerie gnmefr: 'Vl/'^y. .' 

vpn<SEQ i&Tti&tii)'<\. £ X 

5' GCC(^T(^t^ 

3' r"— '.. 

25 Also ena^Jiiig vfuaoii- :6f signals at the N- terminal of the gene via the 

incorporated ^:r^striptii)n site, Spbl. \ 

The ampUfic4tion; rbacti6iis were carried out using the Expand Higji Fidelity PCR 
' . System^ ; (ftocte}^ catalogue number: 173 2650), according to 

manufacito^'s;^ PGfe.products were separated on a 1% agarose gel 

30 for idehtifica^&^f j^b.]^!L^eqpi^Lce. Figure 40 shows the predominant VPH band 
(marked by t&4 • Itwuid was eluted, cut with the restriction enzymes EcoRI 

and.SpW^^ expression cassette according to the 

manufacture^ 



WO 2005/080544 PCT/IL2005/000228 

The ligation mixture was used to transform E-Coli DH5a> and transformed 
bacteria were .selected on agar plates with lOOjKg/ml ampiciline. Positive clones were 
selected by PCJR analysis using 35S forward and Terminator reverse primers: 
Forward piling fidm^he 35S promote 5 9 CTCAGAAGACCAGAGGGCT 3' (SEQ 

5 ID NO: 5) Jxf^X _ 

Backward^r^ tke tetminator: 5* CAAAGCGGCCATCGTGC 3' (SEQ ID 
• NO: 6) ' : /^ V- J-'^i-': 

The expfessiP n cassettes . were cut from the CE-VPII plasmids using 
restriction ^ eniz^nes Bamin arid Xbal. The pGA492 vector was cut with Bgin and 

10 Xbal (Bglll a^d BamHI h^ve compatible sticky ends), and eluted from 1% agarose 
gel. The binary yebfor and the VPII expression cassettes were ligated and used to 
transform. % E^\coii 0H5ce host cells: After transformation, growth and plasmid 
extraction, po^itivd cl6ries ware verified by PCR and restriction analysis. 

Plant fa Transformation of carrot cells was performed using 

15. Agrobaeieriu& ix^^ of a method described previously 

•[Wurtele;^ 61:253-262 (1989)]. Cells growing in liquid 

media wer6 : ^ed-1^ instead of calh. Incubation and growth times 

were adapted ^pjrVir^ in liquid culture. Briefly, Agrobacteria 

LB4404 w^e^ the "pGA492-CE-VPIP vector by electroporation 

20 [den P J. (1995) Methods Mol. Biol. 55:63-72] and then 

selected using ^ antibiotic. Carrot cells (Daucus carota) were 

tr^formed and selected using 60 mg/ml of paromomycine 

antibibtira^:^ 

25 Cultured Carrot Cells 

Expression and [analysis in carrot cells: Initial analysis: Transformed 
carrot celis .w%<:^6^:iii ^ ctdtoes in Murashige & Skoog medium (Physiol. Plant, 
15, 473, 1962)u^ 2,4 dichloromethoxy acetic acid, as 

. described ' % !SSi^3^l^if^^ck^^ Cell were grown for seven days after which the cells 
30 were haiywjt^;^ W*is separated on a 100 mesh filter. Two weeks 

foflowing ^ej^ samples were collected for preliminary analysis of 

VPH expi^sf^jl^mg' ^-^t;b1of. assay using chicks anti-EBDV and rabbit anti- 
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. IBDV antibodies. Both antibodies gave a strong and specific signal in VBII 
transformed ceils, and no signal in nontransformed cells. 

Sfilei^n'6fbe^\'je^ressing colli: Two weeks after transformation, human 
interferon jS expressing cells were poured over solid agar with selection antibiotics 
5 (kanamycin aiid ^fotaxirne) . to isolate calli representing individual transformation 
events. Aiiei£&&-^ were transferred to individual plates and 

grown for threfe inbhths. £nough material was recovered from the resultant calli to 
analyze the e^ calli by Western blot analysis, and 

identify the calli paying sfrpngest expression. Figure 44 shows a sample Western 
10 blot for screening thb transformed calli for the strongest expression of VP 11 (see, for 
example, lariek ^and 11; ): FoUowing the screening the best expressing callus 
(yp2R21) w^ .selected and transferred, to liquid media for expansion. 
Recombinant VPX1- Chicken vaccination assay: 

Recombinsint: YP1 1 w;as. assayed for effectiveness as a vaccine against 
15 infectious buraal ; disease iW chickens. Total protein extract was prepared from calli 
. from line vpZJ^l and administered (to 10 4 weeks old chickens in each group) by 
injection (lmg ) :br : ojrally (3 X lOOng). Oral administration was performed by 
feeding.2 ^ai^ ^ per chicken on three successive days. The 

. protective effe;cts 7 : 6jF ^apdmatibn with recombinant VPII are shown in Table 2: 
20 Tdble 2:^ " j 



. Treatment '; : Vy i'; ' ; 'V- 


•;$jiubody 
'development % 


Bursal 
response % 


Death after 
exposure to virus 


Oral admimst^e^extriact 
(vp2R21) f^M?^— V 


•9A-\- '■ ' : . ' 


11 


1/10 


I.M. Ihj^ted extfact ' • 

•(vp2R2iy::;:^:%-;=;;> : -v 




90 


0/10 


Commercial vaccine: 1 v.. 




100 


0/10 


Commercial vaceine 2 


60 


100 


0/10 


•untreated • • 


0- . < 


0 


2/10 . 



25 



In a -s^ ypll were administered orally, resulting in 

immunizal^g^^ Xj% of the^chickens (resuts not shown). Thus, recombinant Vpll 
expressed in <^ot;ce^ 

. XMrge±scate { ^ growth in a device according to the present invention 

An.^ modified carrot cells containing the 

recombmadt 33) are plated onto Murashige and Skoog 
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(MS) 9cm diameter agar inedium plate containing 4.4gr/l MSD medium (Duchefa), 

9.9mg/l thiamin HC1 (Duchefa), 0.5mg folic acid (Sigma) 0.5mg/l biotin (Duchefa), 

0.8g/l Casein vhydrolisate (Duchefa), sugar 30g/l and hormones 2-4 D (Sigma, St 

Louis, MO). Thelitis is grown for 14 days at 25°C. 

5 Susp«i3ion : peli culture is prepared by sub-culturing the transformed callus in 

a MSD ^ur^stfige/&: Skootgf (1962) containing 0.2 mg/1 2,4-dicloroacetic acid) 
hquid mediur^ as^s i/wi^^ibipiviiM'the art. The suspension cells are cultivated in 
250ml Erlenmpy&p.ask ^ (working volume starts with 25ml and after 7 days increases 
to 50ml) at 25°C ^ Subsequently, cell culture volume is 

10 increased to It .Erleiimeyer by addition of working volume up to 300ml under the 
same cohditions r ; ^ln^oculum ;b.f the small bio-reactor (10L) [see WO 98/13469] 
containing ; 4^ii^p ; m^in^ . is obtained by addition of 400ml suspension cells 
derived from twp *1L Erlenmeyer flasks that was cultivated for seven days. After a 
week of cultivation at 2S°C with ILiter per minute airflow, MSD medium is added 

15 up to lOL and the .c^ under the same conditions. After additional 

five days of cultivation, niost of the cells are harvested and collected by passing the 
cell media tta^^ extra medium is squeezed out and the packed cell 

cake stored at^7$fe; • ; 

20 It is appreciated ihat certain features of the invention, which are, for clarity, 

described in; ^ embodiments, may also be provided in 

-combination*^ Conversely, various features of the invention, 

which arej fbr^rie^ity, ^ descritied in the context of a single embodiment, may also be 
pro vided S^^dtety pr! m 

25 " : R^V/V--- \.v- ': - 

Mthpugfr^fhe invention has been described in conjunction with specific 
embodiments i ^therfeof;; : it is evident that many alternatives, modifications and variations 
will be apparent .iq?'tiiose skilled in the art Accordingly, it is intended to embrace all 
such alternatives^ J Modifications and v that fall within the spirit and broad 

30 scope of ..tte : ^ • All publications, patents and patent applications 

mentioned : &jHQii&^^ incorporated in their entirety by reference 

into the spe^ as if each individual publication, patent or 

• ' ' : \ -^.'^ : '~r':.' '■ ' ' ■ 

patent applic^^ individually indicated to be incorporated 
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herein by reference, . In addition, citation or identification of any reference in this 

application sli^ not be. construed as an admission that such reference is available as 

prior art to the;presept myeqtion. 
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WHATpSCE^U^blS:; 

1. . A disposable device for axenically cultxiring and harvesting cells 
and/or tissue in it. least one cycle, said device comprising a sterilisable disposable 
container having a top end and a bottom end, which container may be at least partially 
filled with a s^itafcles sterilib biological cell and/or tissue culture medium and/or axenic 
inoculant other sterile additives, said container 

comprising: Q|l ^^jg&;6tftiletnf6r removing excess air and/or waste gases from said 
container; X^)-^^^ s a<J^tiV^ :-iialet for introducing said inoculant and/or said culture 
medium and/or ssaid . additives into said container; and characterized in further 
comprising (in) -; reusable . Harv^ter comprising a flow controller for enabling 
harvesting of ^'i^^/dd^h^poxtipii of said medium containing cells and/or tissues 
when desired^fr&e^ to be used continuously for at least one 

further opnsebutive ciitijto^arv.esting cycle, wherein a remainder of said medium 
containing cells sind/or tissue- remaining from a previous harvested cycle, may serve 
as inoculant for a next culture and harvest cycle, wherein said culture medium and/or 
said required additives aire provided. ; 

2. 

and/or transltiCerit */ : ; v ' .,- . * ; 

3. v Slfed^ further comprising an air inlet for introducing 
sterile gks irt^^ said culture medium through a first inlet 
opening,. wHe^m^ ctoiinectable to a suitable gas supply. 

4. ; |Fh0 de^ wherein said air inlet is for introducing sterile 
gas more thsut-once dtiiing cirituring. : 

5. ' ;^^e;.de^^of claim 4, wherein said air inlet is for continuously 
introducing st^^ 

: ;6. whferein a plurality of different gases are 

introdu.ced^''^ throujgh said air inlet 
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7; Hie device of claim 1, said harvester comprising a contamination 

preventer for substantially preventing introduction of contaminants into said container 
via said harvester. 

8. The device of claim 1 , wherein said container is non-rigid. 




9. ^^ii^$vi»\6f-i^sa^ 8,; wherein said container is made from a non-rigid 
plastic material. .y.< t -7 \-'V;.y - 

10/ "; : ^e;dpyi<^/of ^claim 9, wherein said material is selected from the group 
comprising i-^^i^^bi^^ai^ '^^SfbaAotiale, a copolymer of polyethylene and nylon, 
' PVC andEVAj t^y'S^ 'T/' 

11. - yrhe device of claim 9, wherein said container is made from a laminate 
of more than oiie layer of said materials. 

12. The device of claim 9, wherein said container is formed by fusion 
bonding two sml&tt&sheets of said material along predetermined seams. 

13. ^^(^devi^6t dum.Si^hflwin said air inlet comprises an air inlet pipe 
extending fibiqlj^ a location inside said container at or near said 
bottom end • 

14. ^d^^^^■^f;:Gl^^ , 3, wherein said at least one air inlet comprises a least 
one air inlet' air supply and in communication with a 
plurality ;6f s^bd^d^y ii^bt ;;:j>ipes^ eiacli said secondary inlet pipe extending to a 
location insidji^ inlet opening therein, for introducing 
sterile air in the ffpitai-of Rubbles intd said culture medium; 

.15;. '^^e;de^TO : ;of :cls^ 14, wherein said device comprises a substantially 
box-like geori^^^ an overall length, height and width. 
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16. '; : ^^fdevice of claim 15, wherein the height-to-length ratio is between 
about 1 and.aboui 3, and preferably about 1.85. 

17. . The device of claim 15, wherein the height to width ratio is between 
about 5 and about 30, and preferably. about 13. 

18v.:. : ^|[ie;;.devi 16, wherein said device comprises a support 

aperture. subSi^tiatUy spanning the depth of said device, said aperture adapted to 
enable said deH<j0 to. be supported on a suitable pole support. 

1?! 14, further comprising a support structure for 

supporfogsai^ 

20. ; ;: ;^^6;devic^ of claim 19, wherein said support structure comprises a pair 
of opposed frames, each said frame comprising upper and lower support members 
spaiced by aplt^ltyj of ^s^rfkittaUypar^erverticd support members suitably joined 
to said upper and flower support members. 

21. £3^* device of claim 20, wherein said plurality of vertical support 
members ^consists /of at least one said vertical support member at each longitudinal 
extremity of si^d;iipper and lower support members. 

i22..p^ wherein said frames are spaced from each 

. other b^^^^I^^j^^^mA releasably or integrally joined to said frames. 

23. . wherein said spacing bars are strategically 

located ^6h ffiat^i^d dei^ic^/iiay be inserted and removed relatively easily from said 
suppoi^striibt^^v Z'y • ; 

24.. - v ^fcd^ce of claim 20, wherein said lower support member of each 
said frame - odljtti^aliiib^^H^ Il«Ss|:* frtuB lower support adapted for receiving and supporting 
a c»n:espofiding portion of said, bottom end of said device. 
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25. The device of claim 24, wherein each said lower support is in the fonn 
of suitably shaped fab projecting from each of the lower support members in the 
direction of the opposed fiame. 

26. The devide of claim 20, wherein said frames each comprise at least one 
mterpartitioi*eir : projecting from each frame in the direction of the opposed frame, for 
to pushing agmnst.the side wall* of said device at a predetermined position, such that 
opposed pairs of; said ihteiyartitioner effectively reduce the width of said device at 
said predefeniiined position. 

27. ;The : device ;of claim 26, wherein said interpartitioner comprise suitable 
substantially v^ea^^ from said upper and lower support members in 
a direction towards the pj^posedi frame with suitable upper and lower struts. 

28. : t TtLe device ;bf claim 19, wherein, said support structure comprises a 
plurality of Gastors for ixaii^oiting said devices. 

29. . The device of claim 3, wherein at least some of said air bubbles 
comprise a mean diameter of between about 1 mm and about 10 mm. 

3CL.:V^ wherein at least some of said air bubbles 

a)mprisea.me^:& 4 mm. 

31. *\ -^f&k ^devfcle ip^claim/l, wherein said container comprises a suitable 
filter mounted. ^ substantially preventing introduction of 
contaminants into said container via said gas outlet. 

\ ■; ■ V "V I \ ' 

32. wherein said container further comprises a 
suitable iiit^ jio^ted 'on said additiye inlet for substantially preventing introduction 
of contamiiiadfe into-said.cbhts^er Via said additi^ 
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33. V -The' device of. claim 1, further comprising a contamination preventer 

comprising a U-shaped fluid trap, wherein one arm thereof is aseptically mounted to 
an external outlet of said harvester by suitable aseptic connector. 

34. - The device of claim 1, wherein said harvester is located at the bottom 
of said bottom end of said container. 

35. ;/The device of claim 1, wherein said harvester is located near the 
bottom of said*^ such that at the end of each harvesting 
cycle said napd&£^r ^^-*SaidJ me^um-'contaiiiing cells and/or tissue automatically 
remains .at fsisu^L £3@^^CC3^o£icB^^^^3^'-^^^^ said container up to a level below the level of said 
harvester. ■•r: ' .'. ' 

36. 1, wherein said remainder of said medium 
containing cells aiid/pr tissUeis determined at least partially according to a distance d2 
from the bottom .Of said container to said harvester. 

37.. . .The .device of claim 1, wherein said remainder of said medium 
containing cells and/or tissue comprises from about 2.5% to about 45% of the original 
volume of said culture medium and said inoculant. 

38. '\;%^^c^ce^6^.'claim 37, wherein said remainder of said medium 
containing c&llis $<jtioi tissue comprises from about 10% to about 20% of the original . 
volume pfsaM^^ 

39> v k^!^ wherein said bottom end is substantially 

convex. " r^ri}:'^-; " . • 

-40./:'^^^/^^^'^^^^ wherein said bottom end is substantially frusta- 
conical. 
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41, device of claim 1, wherein said container comprises an internal 
fillable. volume 0f between about 5 liters and about 200 liters, preferably between 
about 50 liters aiiid 15.0 liters, and preferably about 1 00 liters. 

42, ;-• : The device of claim 1, wherein said device further comprises suitable 
attacher for Attaching said device to a suitable support structure. 

43, - The device of claim 42, wherein said attacher comprises a loop of 
suitable maten^ pieiferably integrally attached to said top end of said container. 

44. . - i^rte. device of claim 1 , adapted to plant cell culture. 

45. wherein said plant cell culture comprises plant 

cells capable 

.*,*■■ • ■ ' 

46. -Tt^ device of claim 45, wherein said plant cells are selected from the 
group consisting ; of alfalfa cells, tobacco cells, and tobacco cell line cells. 

47. 5fhe device of claim 44, wherein said plant cell culture comprises plant 
cells obtained from a plant root. . 

48. : ; ^e£.d^ wherein said plant root cell is selected from 
the group coiii^ rhizogenes transformed root cell, a celery 
cell, a ^^^^^^^^^^1 cell and a carrot cell. 

49. ; d0viob>bf claim 45, wherein said recombinant protein is selected 
from the groi^; cb& protein, a viral protein a eukaryotic protein 
and a d^OT^^tein. : \ , ; iv ; . 

50: . ' !^lie ^ deyide;^ daim 49, wherein said viral protein is the infectious 
bursal disea^.6;.^irus ^dp^oteinVPH^ 
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51. : ^^: <ievi6e" of claim 49, wherein said eukaryotic protein is Human 
interferon $. . \ I . ■ 

52. . The device of claim 49, wherein said eukaryotic protein is a Human 
clotting factor. 

53. . The; device of claim 52, wherein said clotting factor is Human Factor 

X. "\ • 

54. V^e^device: 0f : claim 49, wherein said eukaryotic protein is a Human 
lysosomal ex&ymfr ; "_>: '■ 

55. ; ^Th& device of claim 54, wherein said lysosomal enzyme is Human 
glucocefebrosi<dase: .4 • / 

56. A -tattery of/said devices, comprising at least two said disposable 
devices of claim 3 : . 

57.. ; .Tte batt^y of claim 56, wherein said devices are supported by a 
suitable support structure via an attacher of each said device. 

58: ;Tte battery of claim 56, wherein said gas outlet of each said device is 
suitably coriri^te^ piping which optionally comprises a 

blocker for. prey^ntfog cqntamij^ from flowing into said devices. 



59:J- ^ wherein said blocker comprises a suitable 



filter. 



60. . vl^e batteiy;^ wherein said additive inlet of each said device 

is sxiitablyxprin^ted to a cbminon additive inlet piping having a free end optionally 
comprising sui^ 
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61/ .. *$be . battery .of claim 60, wherein said free end is connectable to a 
suitable supply of medium and/or additives, 

62.. Ttie battery of ;claim 56, wherein said harvester of each said device is 
suitably connected to; a coxnmori; h^esting piping having a free end optionally 
comprising isiutiaB thereat. 

63. The ' battery of claim 62, ftirther comprising contamination preventer 
for substantially preventing introduction of contaminants into said container via said 
common harvesting piping. 

64^:;^ wherein said contamination preventer 

<x>mpri^ a/^ wherein one. arm thereof is free having an opening 

and wherein tfo'othei: ^ mi ^ereof is aseptically mountable to said free end of said 
common harvi^stm^ suitable aseptic connector. 

65.. ;^e battery of claim: 64, wherein said free end of said U-tube is 
connectable to : a suitable receiving tank. 

66. • ^ wherein said air inlet of each said device is 
suitably connected to a common air inlet piping having a free end optionally 
comprising suitable, aseptic ronnectorthereat. ; 

67. ^ 0 wherein said free end: is connectable to a 
suitable airs^ 5 

68:: cuituring and harvesting cells and/or tissue in 

a disposable dSyi££ &ihi)riising : 

prc)^^Lhg> i;said de^ce! which comprises a steriUsable transparent and/or 
translucent ^di^osable container having a top end and a bottom end, which container 
may be at le^t ^ with; a suitable sterile biological cell and/or tissue 

culture medittftj &d/bi ^ axeinc inoc^tot and/or sterile air and/or other sterile required 
additives, £Md^ 
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(i) gas bufei for fenioyiiig excess air arid/of waste gases from said container; 

(ii) additiyd inlet for introducing said inoculant and/or said culture medium 
and/or said -additives into said container; 

(iii) reusable harvester comprising suitable flow controller for enabling 
harvesting of at least a portion of said medium containing cells and/or tissue when 
desired, thereby enabling said device to be used continuously for at least one further 
consecutive -cycle,, wherein a remainder of said medium containing cells and/or tissue, 
remaining froppL a previously harvested cycle may serve as inoculant for a next culture 
and harvest cycle, wherein said culture medium and/or said required additives are 
provided; , V ' 

providing axemc inoculant via said harvester; 

pro\a^£^ and/or^ sterile said additives via said 

additive inl^V^ 

optibri^y^tfini^a^g.S€dd container with external Ught; and 

aUowiijjg said ceflk^iyor tissue to grow in said medium to a desired yield. 

69. yr&e ,iidfiod of claim 68, further comprising: 

allbwing excess air and/or waste gases to leave said container continuously via . 
said gas outlet^ v V: : . 

70. 7:>1^^ 

checking for and/or the quality of the cells/tissues which are 

produced in ^ found or the cells/tissues which are 
produced are deyice and its contents are disposed of; 

if contai^^ harvesting said desired portion of said medium 
contai^gce^ 

71 . : while harvesting said desired portion, 
leaving a r^ cells and/or tissue in said container, 
wherein said:;r^jain^ as inoculant for a next culture/harvest 
cycle. \i?-C£A : -' ' ' •• ' 



/ . " • * I* *s 



72. \^,i|L comprising: 
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providing; Sterile, said j^titte medium and/or sterile said additives for the next 

culture/harvest cycle via said additive inlet; and 

rqpeatmgv'th^ gtowth . cycle until said contaminants are found or the 

cells/tissues which are produced are of poor quality, whereupon the device and its 

contents are disposed of. 

73. Xhe method of claiin 68, wherein said device further comprises an air 
inlet for' intrpdu6ing sterile air in the form of bubbles into said culture medium 
through a first ;inlQt opening connectable to a suitable sterile air supply, said method 
further comprisingvthe step of providing sterile air to said air inlet during the first and 
each subsequent cycle. 

' "'• " r ' ' ' " . . : 

74. / , " ^ 73, wherein said sterile air is supplied 
continuously ^0^|^out at ; feast onp culturing cycle. 

75. V^^.m?th<)d: of claim 73, wherein said sterile air is supplied in pulses 
during at least one cidturihg cycle. 

76. ^e ,iietho of claim 68, wherein said cells comprise plant cells 
capable of expressing a recombinant protein. 

. ; " |i^e;method of claim 76, wherein said plant cells are selected from the 
group <^nsistmg,of ^alf^fa;cells, tobacco cells, and tobacco cell line cells. 

78. ^ cells comprise plant cells 

obtained ^t^^^ird^ - • s ' > . 

':. •/ £V;£&& ^o^']:,- 

79. ,' ^i^f^ wherein said plant root cell is selected from 
the group cohsisj^g pf ^ rhizogenes transformed root cell, a celery 
cell, a gingrc c<^ a carrot cell. 
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8Q/y;;V^6!inethod of claim 76* wherein said recombinant protein is selected 
from the grqt^ protein, a viral protein a eukaryotic protein 

and a chimerifiv-pirof eim ' 

* ■ ' * • ■ »". 

81. i \Jtte method of claim 80, wherein said viral protein is the infectious 

bursal disease yirus viral protein VPH 

82. .The method of claim 80, wherein said eukaryotic protein is Human 
interferon j8. 

83. .': - The method of claim 80, wherein said eukaryotic protein is a Human 
clotting factor^ - ^i • . ■ ■ w 

84. ^ '^^meOmd o£ claim 83, wherein said clotting factor is Human Factor 

85. ; -'TfikimethLod of claim 84, wherein said eukaryotic protein is a Human 
lysosomal enzymey * 

. 86.. j^e ^ethbd ^ of claim .80, wherein said lysosomal enzyme is Human 
^ucocerebrosi<ja§e. : • 

87, :;A;m&d:for axenically culturing and harvesting cells and/or tissue in 
a battery of (hspq^able deyices comprising: 

provi(tl|i^a of devices of claim 64, and for at least one said device 

thereof: ^V^r> • \ : " . 

proyic^g^^mc inoculaht.to said device via a common harvesting piping; 

proVid&gft^^^ milium and/or sterile additives to said device via 

common ad<H^ 

pptipn|lJ^|Uu^ with external light; and 

ailp^s^g^aidi ^jWrandfor tissue in said device to grow in said medium to a 
' desired yield.; : ^;^:;. : • / * 
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'8&.- metKdd of claim 87, further comprising: 

allowing excess" air and/or waste gases to leave said device continuously via 
common gas pflt^pipiiig; . 

checkmg;f6r.^ and/or the quality of the cells/tissues which are 

produced in said^evice: if ii said device contaminants are found or the cells/tissues 
which are prq&u^ said harvester of said device is closed off 

preventing cpntafifiliation of mother said devices of said battery; 

if in M ; of - said: - devices of . said battery contaminants are found or the 
cells/tissues; wjrich are produced therein are of poor quality, all the devices and their 
contents are disposed of;. . . 

if conten^Sints are not found and the quality of the produced cells/tissues is 
acceptable; for. eacli harvestgble device, harvesting a desired portion of said medium 
containing wlls ^^or tissue via common harvesting piping and said contamination 
pre venter to a; ^ 

89^ : ^(Tl£b method 6f claim 88, wherein a remainder of medium containing 
cells and/or tissiie: r^aii^ Vih said container, wherein said remainder serves as 
inoculant for a.rie^ cycle; and the method further comprises: 

providing Sterile said culture medium and/or sterile said additives for the next 
culture/harvest cycle via said .additive inlet to form a growth cycle. 

90^; ; ^ wherein said growth cycle is repeated until 

said c»htamm^ts:lare £ound or the cells/tissues which are produced are of poor quality 
: for all of sddvde\dce$ of said battery, whereupon said contamination preventer is 
disconnected ifrorf harvester and said devices and their contents are 

disposed of " c V 

;9L v:^k^ wherein said cells comprise plant cells 

capable of expfi^ 

92r ' - ^ 9.1, wherein said plant cells are selected from the 

group cbnsistmg.bf dfilfa 6611s* tobiacco cells, and tobacco. cell line cells. 
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..93. :-;*:^e:;-m^ wherein said cells comprise plant cells 

obtained from a p&nt root. . 

94. v/lie method of claim 93, wherein said plant root cell is selected from 
the group cpnsistikg -of sixL Agr.obdcterium rhizogenes transformed root cell, a celery 
cell, a ginger £eU, ^hotsar^sh cell and a carrot cell. 

95. : TOe naethod of claim 91, wherein said recombinant protein is selected 
from the group consisting of . a prokkryotic protein, a viral protein a eukaryotic protein 
and a cl^eiic^prptein. ' • 

96/ ^/i^^indiwd" pf claim 95, wherein said viral protein is the infectious 
bursal disease ^ 

97. : ^^:itriethod of daim ;95, wherein said eukaryotic protein is Human 
interferon/3., '^j^'.' • *: '/ / . 

98> ' .}.-^e^..method pf. claim 95, wherein said eukaryotic protein is a Human 
clotting factorly V- : ,'\ "\ 

.99. :;5h^ method.pf claim .98, wherein said clotting factor is Human Factor 

X. . ' : ^1^ V> >: J •: / 

1.00. -{^^i^/li^^daS^ 99, wherein said eukaryotic protein is a Human 
lysosomal -eniz3me^\C:\ ; , < 

10U : ; ^herein said lysosomal enzyme is Human 

glucoc^ebro^^ .':>■' 

10%.. and harvesting cells and/or tissue in 

• abattery/)f dij^^ 

• pi^dii^^^^ of 67, and .for at least one said device 
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ptovidkig axertic inoculant to said device via common harvesting piping; 

providi^ medium and/or sterile additives to said device via 

common ad<Ktiye i^^tpiping; 

prcmdjing^terile air tp; said device via common air inlet piping; 

optionally iiiuminating said device with external light; and 

allp^witt^ ^BE^i^ rr -04aip4i.. ani^/or 't&raue in said device to grow in said medium to a 
desired yiAA: ^ - 

103. r 7^^^Ba^iliiS^S^ 102, further comprising: 

allowing Excess ^ and/or Waste gases to leave said device continuously via 
common gas oMef piping; - and 

checldng for^nfaTniTiantR and/or the quality of the cells/tissues which are 
produced in s^d d^ce: if in said device contaminants are found or the cells/tissues 
which are prQ^uc^d^ ^ .^evof poor quaHty^ said harvester of said device is closed off 
preventing ^ devices of said battery; if in all of said devices 

of said batt^ic^ri^^ foufld or the cells/tissues which are produced therein 

are of poor their contents are disposed of; if contaminants 

are not foW^hdlihe quality .of the produced cells/tissues is acceptable, the device is 
considered haryestable. \;: 

104^^ 

h^esfjn^^^Ieast:a ' desired portion of said medium containing cells and/or 
tissue fQr; ;e^^^^ via common harvesting piping and said 

contamiiatibftpr^y^ 

105 . I^^m^oh of claim 104, wherein a remainder of medium containing 
cells and/of. ^ said container, wherein said remainder serves as 

mocidant^ the method further comprises: 

pro\^d^ 

cultoe/hart^ inlet to form a growth cycle. 

ifi6. claim 105, wherein said growth cycle is repeated until 

said contar^d^aife foui& or the dells/tissues which are produced are of poor quality 
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for all of said defaces of said battery, whereupon said contamination preventer is 
disconnected frpin a. cOininon harvester and said devices and their contents are 
disposedof. --yi' '}'';•' V-'/ 

107: 'r^^mettiod of claim 102, wherein said cells comprise plant cells 

* * * " ^ ' • ***"" ..*•*.■ 

capable of bxpr0s^ing a reOTiiibinant protein. 

108. 5Tie method of claim i07, wherein said plant cells are selected from the 
group consisting ^.c[f .Mf^aiells, tobacco cells, and tobacco cell line cells. 

109. :Th$ mefhdd of claim 102, wherein said cells comprise plant cells 
obtained '"feraiA-g^tip^- - . 

110. : ^6;m of claim 109, wherein said plant root cell is selected from 
the group <k>i^ rhizogenes transformed root cell, a celery 
ceU,agirig^^ 

^^ffie^riethpia of claim 107, wherein said recombinant protein is selected 
from the grpu£;^ protein, a viral protein a eukaryotic protein 

and a chiineni^ Oir ^ : * 

112. of claim 111, wherein said viral protein is the infectious 

bursal di^etoeLyn^ 

113! wherein said eukaryotic protein is Human 

interferons^ 

1 14: 111, wherein said eukaryotic protein is a Human 

dotting >: . '. 

.lT5:.>'Jp^ said eukaryotic protein is Human 

Factor i^;'^.^^^^i^f^ ' ■ . 
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116. The inettiod of claim 111, wherein said eukaryotic protein is a Human 
lysosomal epzyme; 

117. ^fHe: method of claim 116, wherein said eukaryotic protein is Human 
glucocerebjrosidase;;. 

118; ■^A;^fipWeo'.iBMr plant cell culture, comprising a disposable container for 
culturing plant pells, 

119. TH^ device of claim 1 1 8, wherein said disposable container is capable 
of being used one further consecutive culturing/harvesting 

cycle. . Vy V- ' v:- ■ . 

.120. : ^0ie:deVice of claim 119, further comprising: 

a~ reusable H^ester comprising. a flow controller for enabling harvesting of at 
least a desire^ >p^ cells and/or tissues when desired, 

thereby enablm^ continuously for at least one further 

consecutive ^^^j^^^ting cycle. 

121; ^ wherein said flow controller maintains 

sterility of Wr^&^idef ofissud me4ium containing cells and/or tissue, such that said 
remainder Of^saic^ ^ijdiiiii ^^iemidning from a previous harvested cycle, serves as 
inocul^tfof 

ij^2. V |l>2rfi^ of plairii; 118, wlaereiix said cells comprise plant cells 

capable of expressing , a re wmbinant protein. 

.■:i^^" : '^l^a^e0>i claim 45, wherein said plant cells are selected from the 
group roiisigl^ cells, and tobacco cell line cells. 

.124-^^^ 1183 wherein said plant cells comprise plant cells 

obtamed/froi^ v *■ 
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125. ^The.device of claim 124, wherein said plant root cell is selected from 
the group consistmg iof ah.Agrobacterium rhizogenes transformed root cell, a celery 
cell, a ginger cell, a horseradish cell and a carrot cell. 

126: ^^devic^ of claim 122, wherein said recombinant protein is selected 
from the ; gr<^ a protein a eukaryotic protein 

and a chimerio^rotem, . , 

127; . ' T0e device of . claim 126, wherein said viral protein is the infectious 
bursal disease yi^ : w protein VPII. 

128: ^S&e ^ djbyice of claim, 126, wherein said eukaryotic protein is Human 

interferon j8/ ; ; * . " ' v 

• . . v. . • » 

129, 126, wherein said eukaryotic protein is a Human 
clotting Victor:: . 

130. ;;^e-4evice of claim 129, wherein said eukaryotic protein is Human 
Factor X j- {--r/ ••>• . 

131: v yi^^^ wherein said eukaryotic protein is a Human 




132, ^ wherein said eukaryotic protein is Human 
glucocerebrbsidi^e. 

133. : ^method for ^taring plant cells, comprising: 
cuituriig.piaiit cells in a disposable container. 

134^/^C^ftod-picl^ 133, wherein said disposable container comprises 
an air Met;fo£mtt^ 

135; ' wherein said sterile gas comprises air. 
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136. ^0£b''nbt6dd. of claim 135, wherein said sterile gas combination 

comprises a combination of air and additional oxygen. 

137, ,'Tlie method, of claim 136, wherein said additional oxygen is added 
separately froin said air. 0 

138; ^^fetoethod of claim 137, wherein said additional oxygen is added a 
plurality of da^s after initiating cell culture. 

139i "flfife;^^ of claim 134, wherein said sterile gas or combination of 
gases is addedinbteihan once during culturing. 

140. : Tie mbthod of claim 134, wherein said air inlet is for continuously 
introducing sterile gas. : ' 

141. v Tte: : "method, of claim 134, wherein a plurality of different gases is 
introduced at. different limes and/or concentrations through said air inlet. 

142V lTli6;ineflio4 of claim 134, further comprising: 
aeratinj* ^ s^d ceUs/thrpugh said inlet 

143. l ^f^e>^.ro^^/'-of - clj^ 142, wherein said aerating comprises 
admimstering at l^ast 1*5 £ gas per ininute. 

144^ ^fK4 method ^ of claim 133, fuA 
pro\adi&&^ 

145-! :%lie. irxetiidd :6f claim 144, wherein sufficient medium is at a 
concentration of at-leiist abojit 125% of a normal concentration of medium. 

146;:. -[^^ii^il^xif^^ 144, further comprising: . . 

addiig*^ 
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; 147. . : The. method of claim 146, further comprising: 

adding additional media at least about 3 days after starting culturing said cells. 

148. Themethod of claim 146, further comprising: 

replacing media completely at legist about 3 days after starting culturing said 
cells: * : \y : \ \' 

149. /the inetftdii of claim 144, wherein said medium comprises a mixture 
of sugars. ..\ 

150. s-T^'-pidOk^d of claim 144, wherein said medium comprises a larger 
amount of sucros<e;thah nprinal for cell culture. 

151. The method of claim 133, wherein said plant cells produce a 
recombinant protein. 

152. The method of claim 151 , wherein said plant cells are selected from the 
group consisting of alfalfa cells, tobacco cells, and tobacco cell line cells. 

153> ; > ^ :The method of claim 151, wherein said recombinant protein is selected 
from the grqug cjt^istin prokayyptic protein, a viral protein a eukaryotic protein 
and a chim^£p^ 

154. :v^e^niethod' of" claim 152, wherein said viral protein is the infectious 
bursal disease \^s viral protein VPII. 

15^ r -J^/'xiidttu^- of claim 153, wherein said eukaryotic protein is Human 
interferon ^[ 

156, 155, wherein said eukaryotic protein is a Human 

clotting factoid W^":-' 
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157. ifteflio:d of claim 156, wherein said clotting factor is Human Factor 

158. , The method of claim 152, wherein said eukaryotic protein is a Human 
lysosomal en2ymb;; 

159. 158, wherein said lysosomal enzyme is Human 
glucocerebrosid^e; , . 



WO 2005/080544 



PCT/IL2005/000228 



1/27 




Front Side view 

Elevation Section A-A 



Fig. 1a Fig. 1b 



WO 2005/080544 



PCT/IL2005/000228 



2/27 



Container (20) 



Nutrient 
container 
(612) 



Pipe (80) 



Gauge 
(610) 



Sampler (612) 



I 



Harvester 
port (50) 



Pipe (74) 




Computer (600) 



Temperature 
gauge (606) 



Temperature 
controller (608) 



Gauge (602) 



Air supply (604) 



Fig. 1c 



WO 2005/080544 



PCT/IL2005/000228 



3/27 



10 

s 



100 
90 

20 — 



80' 





27 



26 



22 



Front 
Elevation 

Fig. 2a 



100 




72 ^ 76 ^28 

Side view 
Section C-C 

Fig. 2b 



WO 2005/080544 



PCT/IL2005/000228 



4/27 




Fig. 3 



WO 2005/080544 



PCT/IL2005/000228 



5/27 

20 27 210 




260 



Fig. 4 



WO 2005/080544 



PCT/IL2005/000228 




WO 2005/080544 



PCT7IL2005/000228 



7/27 




WO 2005/080544 



PCT/IL2005/000228 



9/27 




WO 2005/080544 



PCT/IL2005/000228 



10/27 




WO 2005/080544 



PCT/IL2005/000228 




WO 2005/080544 PCT/IL2005/000228 



12/27 




Fig. 11b 



WO 2005/080544 



PCT/IL2005/000228 



13/27 



Growth curve flask vs 10L reactor 




Fig. 12 



Days GCD standard (ng) 

2 3 4 5 6 7(-) M 5 10 25 




Fig. 13 



Comparison of growth curves starting from 7 
or 15% packed volume 




15% cells 
7 % cells 



Fig. 14 



WO 2005/080544 



PCT/IL2005/000228 



14/27 

Days GCD standard (ng) 

2 34567 M 25 10 5 




Fig. 15 



14 day growth curve, starting 7% 
packed volume 




Fig. 16 



Days GCD standard (ng) 

0 2 345 67 8 9 1011 121314 MW5 10 25 



St!|lll|i ; 

Ml 





Fig. 17 



WO 2005/080544 



PCT/IL2005/000228 



15/27 



Effects of media addition on dry weight 





22 T 




20- 




18- 




26- 




14- 




12- 




10- 




8- 




6- 




4- 




2- 




oH 




Media addition 
Media exchange 
Control 



Fig. 18 



Days 

without refreshing 
2 3 



GCD standard (ng) 

with refreshing 
8 4 5 6 7 8 MW5 10 25 




25 Kd 



Fig. 19 



WO 2005/080544 



PCT/IL2005/000228 



16/27 



62 Kd 

47 Kd 
32 Kd 

25 Kd 



Days GCD standard (ng) 

without medium with medium 
2 345678456 7 8MW5 10 25 







mm* wmmmmmm 




c ;." 

f. 








, ■! '!'•.'' > 

ills 

?J ' 








! "J. ! 















Fig. 20 



Effect of sugar regimes on cell growth 




1 40 gr sucrose 

E23 30 gr sucrose+10 gr glucose 
n extra sucrose 

extra MSD 

milium control 



Fig. 21 



WO 2005/080544 



PCT/IL2005/000228 



17/27 



40 gr sucrose 30 gr su+1 0 gr glu MW GCD standard (ng) 

0234567234567 5 10 25 



1 



t! 



^ mmmmm 

■ !: 



■IX < 



ii: 



-.1, rji!£": . 




•1 



' ► i. i i; : ! ! !! •! 

mmmm 



175 Kd 

m 

47.5 Kd 
32.5 Kd 
25 Kd 

16.5 Kd 
6.5 Kd 



Fig. 22a 



Extra sucrose in day 4, control 



0 2 



Control 
3 4 5 6 



extra 
sucrose 
7 5 6 7 



MW GCD standard (ng) 
5 10 25 



WO 2005/080544 



PCT/IL2005/000228 



18/27 





WO 2005/080544 



PCT/IL2005/000228 



19/27 





16- 




14- 




12- 


s 


10 


sz 


8 


CD 






6 


1 


4 


i_ 
CD 


2 




0 




-♦— + Oxygen 



Control 
d02 



Fig. 24 



WO 2005/080544 



PCT/IL2005/000228 



20/27 




Fig. 25 



CE-FX-KDEL plasmid map 
35S+Omega 



FX-KDEL 




EcoRI 2267 
Kpnl1668\ BamHI2187 
Smal 1726 



OCS Ter 



XbaI4134 



N00 41 



Fig. 26 



WO 2005/080544 



PCT/IL2005/000228 



21/27 




Afll 1153 

Fig. 27 



Restriction analysis of clones after ligation: 
987654321 M 



Fig. 28 



WO 2005/080544 



PCT/IL2005/000228 



22/27 



LB 



35S+Omega 

NPTII ^signal FX KDEL 

'/I I 

Kpnl 1668 / / 



OCS Ter 



RB 




EcoRI2267 XbaI4134 

NotI41 

TDNA of pGREEN-nos+kana-FX-ER 

Fig. 29 



SmaI1726 BamHI2187 



BgII4619 




WO 2005/080544 



PCT/IL2005/000228 



23/27 



Fx Activity assay 




1.5 ul 
16 ul 
30 ul 

1 .5 ul un-trnsformed 

• 16 ul un-trnsformed 

♦ 30 ul un-trnsformed 

— Linear (1 .5 ul) 

— Linear (16ul) 

— Linear (30 ul) 



20 25 30 35 40 45 50 55 60 65 70 

Fig. 32 



M 1 2 













si 







1 2 3 4 5 6 7 fx-DNA 



M 1 2 3 4 5 6 





Fig. 33 

M 1 2 3 4 5 



Fig. 34 

M 6 7 8 9 



Fig. 35 





m 



Fig. 36 



WO 2005/080544 



PCT/IL2005/000228 



24/27 



CE-ifn-KDEL plasm id map 
35S+Omega 



^signal 



KDEL 
Interferon 



OCS Ter 




Kpnl 



Smal 



EcoRI 
Bam HI 



SaH vklr N 



Xbal NotI 



Fig. 37 



HindlH 8545 
Pst 8537 
SaE 8527 
Xbal 8521 

BamHI 851 
Smal 8512 
Kpnl 8510 

Sad 8504 
EcoRI 8494 
BstXI 8251 



EcoRV 7599 

Bgin 7453 
Ncol 7438 



Bell 605 




Fig. 38 HpaI5033 



WO 2005/080544 



PCT/IL2005/000228 



25/27 

10 9 8 7 6 5 4 3 2 1 MWst 




Fig. 39 



M1 1 2 3 M2 4 5 




Fig. 40 



Fig. 41 



WO 2005/080544 



PCT/IL2005/000228 



26/27 



Psil 103 



BsaAI 231 
Drain 231 



Seal 3837 



Bsal 3421 



Bam HI 663 
Smal 660 
Xmal 658 
Kpnl 658 
Acc651 654 



Bsp EI 755 



Btrl 954 

SaH 146 
HincH 1148 



AlwNI 2880 




35S+Omega 



Sapl 2348 



pi 201 : 
,_ aI2029 
iSpell 2036 
' :baI2042 
NoU 2049 
Btgl 2058 
OliI 2060 
SacH 2061 
BstXI2062 
Ecn36II2068 
'Sad 2070 



Sph1 1283 
-Hindin 1285 
Ecorl 1297 
Pstl 1307 
BsmB1 1329 



OCSter 

SgrA1 1775 
BssHn 1779 
BstEII 1873 
PspOMI 1924 

EcoO 091 1925 
Apal 1928 
BspMI 1934 
Bsgl 1959 



Fig. 42 



WO 2005/080544 PCT/IL2005/000228 

27/27 



Fig. 43a 




Fig. 43b 



WO 2005/080544 



PCT/IL2005/000228 



1 

z - - . SEQUENCE LISTING 

<110> Shaaltiel,- Yoseph . 

<120> . CELL/TISSUE COLTORING DEVICE , SYSTEM AND METHOD 

<i30> 29088 * ";: ' 

<160> 14 Y'/ 

<170> Pat^t^Vy^^icai ; ' : 3 * 2 

<210> 1 \ ' 

<211> 22' - ;V . ": V "; " 

<212> PRT/. y' A , . *^ '. * ./ 

<213> Artif lcj.aX* J sequencp..- 

<22o> V*>.fe v : ' -V- : - ■ 

<223> Signal Peptide', for. the .E^R 

<4oo> i ■• * /^'T ' ' 

Met Lys Thr Asn iieu. Phe lieu Pne lieu lie Phe Ser Leu Leu Leu Ser 
Leu .Ser Ser -Ala\Glu; Plie'. 



<210> 2 \ : v. 

<2ll> ■ 7.. 

<212> PRT. V.' V "" 

<213> Artif icialV sequence [ 



<220> 'IV.i-' V- -v •' ■ 

<223> Vat^iar/ti^gatijag.i'aigiiatX from Tobacco cnitinase A 



<400> 2 



Asp Leu Leu Va'l : i- AsgNTlir, We 1 1 . . 



<2io> 3 : -L. * \ ■'.;?{/; • '.:» ..- • 

<2ii> 21 v" ''^■■^ i ':-u' : -'''Kyy-' 

<212> . DNA 

<213> ' Artif iciaa<:^9^enck'V:v'"' \.' ... 

<22o> -.. ■ /"^■•■•^r-' ; v'-*'/: r - ; . v : i " ■" 

<2 2 3 > Single . ^traad.'DNA- /oligonucleotide 

<4oo> -3 . •"■ ' /e;f sz'y':;': ;.' ; "/ ' t ' « : . : . 

cagaattcgc^ ctf gc^.c"dfcgq .a < -V-;-,.!' ' 

<21p> 4 1 V\-/-' :* ; ; • - : ■ 

<2ll> 22 • ;' 

<212> DNA. V-.' ■.' 

<213> Artificial- fleqiiencfe ' - 

<220> ..;•.■'-/'::-'.;;.:/:•>';'*■ :■ \ 

<223> Single i^^b^J^^%^aBO^\edtA^ 

<400> 4 ; aV.'-v.-' A ; . " - 

ctcagatctt ' ^q^^^'l^r:^ 

<2io> 5;'- /} . ' " 

<211> :19:. -A ^ ; ';^^;^ : >-> ^;^V • 

. <212> .DNA V'OV^- '.V.'* * 1 ''.'*- . 

<213> Artif ic£a^^^ 

<220> " 

<223> " singie' ig£rand .^ 



21 



22 
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<400> 5 

ctcagaagac cagagggct ' 19 

<210> -6 ■ : • 

<211> 17' ■ ; 

<212> DNA " "V 

<213> JUrtificdLuiv. sequence.* * 

<22o> • ; . - . • V ;V ■ - 

<223> Single -strand.; PNA* oligonucleotide 

<400> 6 ' . J' V ! //• ' 
caaagcggcc atcg^gft^ V - 



17 



. <210> 7; ' v . - 
<211> . 14'9.1.\- *• > ; . V; '.*•: V : \i V . 
<212> DNA. . -.V • . ' - • !•'. 

<213> "Homo sapiens* • 

<400> 7 . :. ".'.).« :*^ ; . 

gcccgcccct gcatccctaa aagcfctcggc .tacagotcgg tggtgtgtgt ctgcaatgcc 60 

acatactgtg. actcctfctga ' \cccccggacc\ tttcctgccc ttggtacctt cagccgctat 120 

gagagtacac gca^grggc^-v.acggatggag ctgagtatgg ggcccatcca ggctaatcac 180 

acgggcacag gdctgctkct' . gaccctgcag' ccagaacaga agttccagaa agtgaaggga 240 

.tttggagggg ccatgaCaga .tgctgctgct ctcaacatcc ttgccctgtc accccctgcc 3 00 

caaaatttgc tadjttaaatc* 'gtacttctct gaagaaggaa tcggatataa catcatccgg 3 60 

gtacccatgg ccagctgtga cttctccatc cgcacctaca cctatgcaga cacccctgat 420 

gatttcciagt. tgc'acaadtfe icagcctccca gaggaagata ccaagctcaa gatacccctg 480 

attcaccgag ccc^cagtt 'ggccca'gcgt cccgtttcac tccttgccag cccctggaca ; 540 

tcacccactt ggcKcaajg^b ' oaatggagcg. gtgaatggga aggggtcact caagggacag 600 

cccggagaca- fecfca'cc^ccaj gapc^gggcc agatactttg tgaagttcct ggatgcctat 660 

gctgagcaea : agt\^.ca^fct.;' ctgggca^g; acagctgaaa atgagccttc tgctgggetg 720 

ttgagtggat 'acl?cc.t; tcca\^tgcctg^gc ttcacccctg aacatcagcg agacttcatt 780 
•gcccgtgaqc ' .cdbbgccaa'd agtaqtcacc acaatgtccg cctactcatg 
ctggatgacc aac£qt^^ tgggcaaagg tggtactgac agacccagaa 
gcagcta"aat at^ttcafegg-.ca.^ -cattggtacc tggactttct ggctccagcc 
aaagccaccc tkggjg^Q&G acaccgcqtg: ttc.cccaaca ccatgctctt tgcctcagag 
gcctgtgtgg gctc'c^agr^t:- \ctgggagcag' agtg[tgcggc taggctcctg ggatcgaggg 

atgcagtaca 'gccaeacrcat !\catcacgaac. ctcctgtacc atgtggtcgg ctggaccgac 1140 

tggaaccttg ccct^acc^ cccaattggg tgcgtaactt tgtcgacagt 1200 

cccatcattg- ta^patc'ac /c'aagf^cacg- ttttacaaac agcccatgtt ctaccacctt 1260 

ggccacttca gcaagttcikt. fccct^agggc ' tcccagagag tggggctggt tgccagtcag 1320 

aagaacgacc X^scgc^^^casitg&t.g catcccgatg gctctgctgt tgtggtcgtg 1380 

ctaaaccgct cct^a£#^^^ atcctgctgt . gggcttcctg .1440 

- gagacaafcct '-cVc^^ g .1491 



840 
900 
960 
1020 
1080 



<2io> e 
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<211> 49-7 

<212> PK.T " 

<213> Homo sapiens 

<400> 8 



Ala Arg Pro Cys lie Pro Lys'Ser Phe Gly Tyr Ser Ser Val Val Cys 
1 . 5 ' 10 15 



Val Cys Asn Ala ; : Thr* Tyr. Cys Asp Ser Phe Asp Pro Pro: Thr Phe Pro 

"•; ' 20 ?^.V:V: ; - •• "25 . *. '. . 30 

Ala Leu. Gly. Thr ^^Pjie v :Ser. 'Arg - Tyr Glu Ser Thr Arg Ser Gly Arg Arg 

* "35 .v- ■ y"' 40' • 45 

Met Glu Leu Ser- Met- Gly /Pro lie Gin Ala Asn His Thr Gly Thr Gly 
50 . 55" 60 

Leu Leu Leu Thr Leu v Gin. Pro Glu - Gin Lys Phe Gin Lys Val Lys Gly 

65 Y'.-V?.? 0 ^? ' 75 80 

Phe Gly Gly. Ala Met Thr .Asp Ala Ala Ala Leu Asn lie Leu Ala Leu 

- 85;* *' 90" 95 

Ser Pro. Pro Ala' Gin' Asn Leu, Leu Leu Lys. Ser Tyr Phe Ser Glu Glu 

idjOy '.*■" ' 105 ' 110 



Gly lie. Gly Tyr Asn: .lie He. Arg Val Pro Met Ala Ser Cys Asp Phe 
115 ' • ' . .' ' 120- 125 



Ser lie Arg Thr 1 Tyr Thr- Tyr. Ala Asp Thr Pro Asp Asp Phe Gin Leu 
130 135. 140 



His Asn Phe Ser\ Leu* Pro ' Glu Glu Asp - Thr. Lys Leu Lys He Pro Leu 
145 i'50 - • : .155 ±60 

•' •* ' -- : V **, '*'..• 

He His'-Arg-Alaf LeU-Gln Leu Ala Gin Arg Pro- Val Ser Leu Leu Ala 

r'^issl; \- v,- • 170 175 

Ser Pro ■ Trp V : ;Thr'''Ser ; '.Pro :-Th^ ' .Trp; .Leu*.Lys Thr Asn Gly Ala Val Asn 

. ; : i8 : %vjtt ; A! -V..^ *-V/.a V 185 ."\. ; . 190 

Gly Lys .Gly. Ser'; Leu . Lys Gly Gin' Pro Gly Asp He Tyr His Gin Thr 
' ^95;. j\ * ^0? • " -. 205 - 

Trp Ala Arg .Tyr^pie .Val* Lys Phe Leu Asjp Ala Tyr Ala Glu His Lys 
210" - ' -V : "215: 220 



Leu Gin Phe TrJ>- Ala; Val Thr. Ala Glu Asn Glu Pro Ser Ala Gly Leu 
•225 : ? 230' • J ■". '235 240 



Leu Ser Gly T^ -.Pro -Phe Gin Cys . Leu .Gly Phe Thr . Pro. Glu His Gin 

' :.^Vf: '2<45''" ''■ './'.-. '.*. .250" 255 

.Arg Asp Phe >klej Al^ArST As£" Leu:«iy - Pro. Thr- Leu .Ala Asn Ser .Thr 

IzfftiVsy?^ 270 

His H±s\^n;!V£i^^ Asp. Gin Arg Leu Leu Leu 
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275 . 280 ' 285 

Pro His Trp Ala. Lys Val Val Leu Thr Asp Pro Glu Ala Ala Lys Tyr 
290 : , 295 300 

Val His Gly lie Ala' Val His Trp Tyr Leu Asp Phe Leu Ala Pro Ala 
305 3X0 315 320 

Lys Ala Thr Leu.GlylGlu .Thr. His Arg Leu Phe Pro Asn Thr Met Leu 

: -. ; f.ji?5*; : .330 ... 335 

• .'. > " ' .- 

Phe Ala Ser\ : Glu Ala* Cys Val Gly Ser Lys. Phe Trp Glu Gin Ser Val 

Arg Leu Gly Ser" Ttp .' Asp. Arg Gly Met Gin Tyr Ser His Ser He He 

35$-. \:'^ : V. ' 365 * 

Thr Asn Leu, Leu : ;T^ His" V^r* y^l. Gly Trp Thr Asp .Trp Asn Leu Ala 
370 ' -V ::y-\ '3^5' '.J;' 380 

Leu Asn Pro i Glu 'Gly : Gly Pro "Asn Trp' Val Arg Asn Phe Val Asp Ser 
385 V. : '3S0 . 395 400 

Pro He lie Val? Asp. lie Thr ..Lys Asp- .Thr Phe Tyr Lys Gin Pro Met 
405* ' \> -' 410 415 



Phe Tyr His- Leu "Gly His Phe " Ser Lys Phe lie Pro Glu Gly Ser Gin 

. 42..0, , •' 425 430 

Arg Val Gly.' Leti Voir. Ala Ser Gin Lys Asn Asp Leu Asp Ala Val Ala 

435 '/'.V- TV '/" '-• - 440 . 445 



Leu Met His Pro" .Asp* Gly' Ser Ala val Val Val Val Leu Asn Arg Ser 

450 .' ../:v • .^455 •- 460 

.'- ^•-iV'".'-... ■■']• *£•;' '.v- . • , . 

Ser Lys Asp -V*j:» P.r6 .Leu "Thr\I,le* Lys Asp Pro Ala. Val Gly Phe Leu 

465 '■• -v? ^^\V;;4 , 7P;;_';' ,t ; # ; \"- . 475 480 

Glu Thr -lie .sej£ -P^o^G^ Thr Tyr Leu Trp His Arg 

Gin ' • .V?"Va ■: '.' •> ;.>v*" ' 



<210> .9.; . ; : '? : r- V'*. " 

<211> 338' "•.■ -'...-'-/' • '".■'*. 

<212> Dift.^^/iv^'' . 

<213> Art^fioial'/^Bquence-.'- . .. 

<22o> v * //.:.. "-- .-' 

<223 > CaMV' -3 5S ( ". Promoter; /nucleic acid sequenpe 

<4oo> 9 : ;/ ■.-"'*'.*•.•■-■ 

ttttcacaaa gg^aat^tc.'gggaaacctQ ctcggattcc attgcccagc tatctgtcac 60 

ttcatcgaaa ^gateag^ga": !aaa"ggaaijgt' ggctcctaca aatgccatca ttgcgataaa 120 

ggaaaggc ta •tcg^tc.at'a^a ; t£cc^ctace gaca^tggtc •. ccaaagatgg • acccccaccc : 180 

acgaggaaca" *t£3l^^^^ cttcaaagca agtggattga 240 
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tgtgatatct cca'ctgacgt /aagggatgac " gcacaatccc actatccttc gcaagaccct 300 
tcctctatat aaggaagttc "atttcatttg gagaggac 338 

<210> 10 

<211> 66 

<212> DNA ..... .••■ *. 

<213> Artificial'" sequence - 

<220> . \* • \. , .: . 

<223> Nucleic-, acid, sequence fenabding the ER signal peptide 

<4oo> -io ■•■ ' : * • * 

. atgaagacta atctttttbt /dtttctcatc ttttcacttc tcctatcatt atcctcggcc 60 
gaattc . - ; * \.-' - 66 

<2io> n . V ! 'v: 

<211> 21' /•".;■*•; -s •/< ; ••- . 

<212> DNA - ' ' \'; :'.'y^ 

• <213> Art if iq'i^l^se^ence.-. /' \ . 

<22o> ^ V "* : vJ'O ■:' 

<223> Nucleic Vacid' seajaen<?e..enqoding'the vacuolar targeting sequence 
<400> 11"'.. *..■': : : 

gatcttttag tcgat'aqtat ;g 21 
<210> 12 '-• ... •• ■.,'.;-* 

<211> 167 * ; ". V ■ • . f , "• ' 

<2i2> dna • \\i 'V'"/£ . ". ' "" • /' : 

<213> Artificial". sequence. 

<220> : r - 

<223> Sequence'' for. •terminator 

<220> 

<221> misc_feature- 

<222> (i62) ;:;ftf^);; ; . .rj:.' -\ 

<223> ' n is" a^^^'^^OK^tl'^^ ■ \ ' 



<4010> 12 * •.:, ./.:* '^\.;Vv>^ • : - ■ 

taatttcatg atb^^tfctg -.t.t^ttccc ttgcaatgca gggcctaggg ctatgaataa 60 

agttaatgtg ^g^00^^yL^^^i^ap\ tgtgacotga agggatcacg acta taa teg 120 

tttataataa ^ca&a^ 167 

<2io> 

<211> -2186' .- \-.v'-. ■ :". : />."* 4 .5 : . ••.*■ 

<212> DNA \ ' V *. . ■ . 

<213>. Artlfdc^ai/se^ . 

<220> - ^ V^i' . .■ . V 'V'" »«"*' 

<223> Nucieic;^cl£^ GCD fused to signal peptides 

<220> ; ^V; Vj '% r £\ '"' "i-^"-^ 

<221> misc^fek^ure'. V 

<222> (2181)?-.;(2K8i)" . :\ 

< 2 2 3 > n" is .' a/\ i ; - : g>. ojc- 1 .... \.^: 

. <4oo> ■ i3-: • . :,) .V^ : ;v> - " ".V " • : 

ttttcacaaa' gg^^^tc/Srggaaaccta ctcgrgattcc attgcccagc tatctgtqac 60 
' ttcatcgiaa. aatgecatea ttgcgataaa 120 

ggaaaggcta- tp^t^|aga : -tgc^ ccaaagatgg acccccaccc 180 
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acgaggaaca -tcgtggakaai agaagacgjtt qcaaccacgfc cttcaaagca agtggattga 
tgtgatafcct ccactgacgt; aagggatgac gcacaatccc actatccttc gcaagaccct 
tcctctatat aaggaagttc' atttcattt'g gagaggacag gcttcttgag atccttcaac 
aattaccaac .aacaacafeiac aacaaacaac attacaatta ctatttacaa ttacagtcga 
gggatccaag gagatataac aatgaagact aatctttttc tctttctcat ctttfccactt 
ctcctatcat tatcctcggc :ogaattcgcc cgcdcctgca tccctaaaag cttcggctac 
agctcggtgg .tgtgtgtctg- caatgccaca taqtgtgact cctttgaccc cccgaccttt 
cctgcccttg gtacc ttcag ..cogctatgag ' agtacacgca gtgggcgacg gatggagctg 
agtatggggc cca^bcaggc; taatcac4og ggcacaggcc tgctactgac cctgcagcca 
gaacagaagt . to<5a(gaaa®t' gaag^ga^tfc ggaggggcca tgacagatgc tgctgctctc 
aacatccttg • cccti^dacta -' ccctgcccaa aatttgctac ttaaatcgta cttctctgaa 
gaaggaatcg.".gatat^c&t;-^ gctgtgactt ctccatccgc 

acctacacct ajtgqa^pad/.ccct^t'gat- ttccagttgc acaac ttcag cctcccagag 
gaagatacca -\EL^c^^k^K Acccdt^&t. cacpgagccc tgcagttggc ccagcgtccc 
gtttcactcc t%^p^^cc^^ts^CAt,ak cccacttggc tcaagaccaa tggagcggtg 
■ aatgggaagg ggtcactdaja- ggga&gccc .ggagacatct accaccagac ctgggccaga 
tactttgtga "agt^cctcfgW- tgcctatgct . gagpacaagt taca^ttctg ggcagtgaca 
gctgaaaatg agcc'ttctgc - tgggptgttg agtggatacc ccttccagtg cctgggcttc 
acccctgaac a'tca^c^^ . cttca ttgcc cgtgacctag gtcctaccct cgccaacagt 
actcaccaca atgt'ccgcpt actcatgctg gatgaccaac gcttgctgct gccccactgg 
gcaaaggtgg- tacl-gaca^'- cccas^agca gctaaatatg ttcatggcat tgctgtacat 
tggtacctgg- actttctggc. tctfagccaaa gccaccctag gggagacaca ccgcctgttc 
cccaacacca tgc^tttga.etcagaggcc tgtgtgggct ccaagttctg ggagcagagt 
gtgcggctag W^Gtgg^^tc^gggktg cagtacagcc acagcatcat cacgaacctc 
ctgtaccafcg ■ tcfc^c^c'tg^gacc^qtgg .aaccttgccc tgaaccccga aggaggaccc 
aattgggtgc. gteaatftitijsp.-' cgacagt:qc<c; atcatt;gtag acatcaccaa ggacacgttt. 
taqaaacagc \cci^ agttcattcc tgagggctcc 

cagagagtgrg' g^c^^^C^cag^^gsiSLg' aacgacctgg acgcagtggc actgatgcat 
cccgatggct .etgqtgfet: ^vg^cgtgfcta aaccgctcct ctaaggatgt gcctcttacc 
atqaaggatq/cfcggt acaatctcac ctggctactc cattcacacc 

taqctgtiggq^'atcgcc^ gatactatgt aatttcatga tctgttttgt 

. tgtattccct tgca^^cag ggcctig^gc • tafccfaataaa gttaatgtgt gaatgtgtga 
atgtgtgatt ^i^cfcg^^gggatcadga ctatsiatcgt ttataataaa caaagacttt 
gtcccaaaaa cccpcccccc ngcaga./ - 



240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
144 0 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2186 



<210> 14/ : . i\L- •': ;. '/ 
<211> 526. ' J Vfv'^lr.-. 1 '.-. 

< 2 12 > ipRT • . ' i \ . v." '-.«.;/•■ • 
<2i3> Art if ic*ialK sequence. 

::^.«;- •.. -■*.■•'.• 

<220> 
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■ -r : "'. -.V. 

<223> Recombinant: -;GCD "fused to signal .peptides 
<400> 14 

Met Lys Thr -Asn Leu Phe Leu ' Phe Leu lie Phe Ser Leu Leu Leu Ser 

i y,s^' . **' io-. is 

Leu Ser Ser Aia Glu Phe Ala Arg Pro Cys lie Pro Lys Ser Phe Gly 
20;.* 25 30 

Tyr Ser 5er ' VaT ' Valleys Vai : ' Cys.' Asn Ala Thr Tyr Cys Asp Ser Phe 

--35 . ; V-V": : . 1 40 " '45 

Asp Pro Pro Thr; Tie Pro Ala Leu Gly Thr Phe Ser Arg Tyr Glu Ser 

50 w!4> v ss:- " ' 60 

Thr Arg Ser- Gly Arg: Arg Met Glu -Leu- Ser Met Gly Pro lie Gin Ala 

65 ■■ *>:• , >^70- " 75 80 

Asn His. Thr. Gly/:Thiv Gly. Leu .Leu Leu Thr Leu Gin Pro Glu Gin Lys 
Phe Gin Lys^vai-'; L^s' Gly pjbe^Gly. Gly Ala Met Thr Asp Ala Ala Ala 

/ t i.Qpy"'.:rV/. : ' : ;' 195 • •* ' 110 

Leu Asri ile-Leu'Alar.Ifeu Ser Pro Pro Ala Gin Asn Leu Leu Leu Lys 

iiS':""/V* /* ; '*';v : '.\fi20i- *. ' 125 

4-".- •»•-.•■•.'.»*"*" 
* - . 

Ser Tyr Phe Ser ' Giu Giu Gly- lie Gly. Tyr. Asn lie lie Arg Val Pro 

130 <' ^S. 140 . 

'*•••"."■. " • v ' 
Met Ala Ser Cys Asp Phe Ser. lie Arg Thr Tyr Thr Tyr Ala Asp Thr 
145 • . ... ^SO ■ 155 160 

Pro Asp Asp Fha/GlEi Leu His Asn Phe Ser Leu Pro Glu Glu Asp Thr 

. .. 'i vi^s;.; .;■ . ; 170 175 

Lys Leu -Lys. -ile Pro>/piu lie His Arg Ala Leu Gin Leu Ala Gin Arg 

190 



" ?• "185. '■' 

Pro Val :Ser?Le^i^u:;Aia -Bfe£\pr^' Trp * Tte Ser Pro Thr Trp Leu Lys 

'•195 -''^p-^f/f: .V- ;y^"2oo.; - 205 • 



. Thr Asn qiy Aiai- Val%; Ash. Gly'Lys Gly - Ser Leu Lys Gly Gin Pro Gly 

210 '^^^^y^^^;^::- ■■' ' 220 



Asp He : Tyr. His; -Gig Tfri^ ^^p-. Ala - Arg. Tyr Phe val Lys Phe Leu Asp 

225 *;■ • ^; ;^;230 * 235 240 

Ala Tyr* Ala Gl^'Hi^s * Cys'" Leu"' Gin -Phe,. Trp" Ala Val Thr Ala Glu Asn 

" r\.-'^2i5[ 1 ';\;y: : '^'' j 250 255 

Glu Pro Ser "ixaf Gly .Leu 'Leu..-Ser "<3ly Tyr Pro Phe Gin Cys Leu Gly 
'260-. .V-: /.\/*. V J 265 ' 270 



Phe Thr; 'PTO* G^i".His "Gin. Arg. Asp' Phe lie Ala Arg Asp Leu Gly Pro 
- 5*75 *•*•.'. <V ;-/*.V-; r y l : : *280.' ■ .285 
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Thr Leu Ala Asn Set Thar His - His Asn Val Arg Leu Leu Met Leu Asp 
290 .< 295 300 

Asp Gin Arg Leu LeU Leu Pro His- Trp Ala Lys Val Val Leu Thr Asp 
305 / 310 315 320 

Pro Glu Ala Ala" Lys" Tyr Val His Gly lie Ala Val His Trp Tyr Leu 
325', . " 330 335 

Asp Phe : Leu Ala Pro Ala *Lys .-Ala Thr Leu Gly Glu Thr His Arg Leu 
340.* ; • 345 . 350 

Phe Pro Asn Thr. Met Leu Phe Ala Ser Glu Ala Cys Val Gly Ser Lys 
355' y ■ 360 . 365 

Phe Trp Glu Gliv- Ser V41 Arg Leu ciy Ser Trp Asp Arg Gly Met Gin 

370 /; . : : ;;\ ; -': ^ ;375 . ■ \ 380 

. Tyr Ser Bl8/S^j£^'-1^e\!l^'.'i&fii& Leu Leu Tyr- His Val Val Gly Trp 

385 -r :v^:39o-.v; - 395 - 400 

Thr Asp '^'i^^l^'i^ijS^'-iitVt Glu Gly Gly Pro Asn Trp Val 

**••' \: ^b'5':' h -.: '~- ''' t \ V'«" 410 415 
,»'**',-.-."■ ' '*"%,•• 

Arg Asn Phe Vat Asp S&c Pro' iie'. He' Val Asp He Thr Lys Asp Thr 
420' " ■ .425 430 

Phe Tyr Lys .Gln'-Pro Met* Phe Tyr His Leu Gly His Phe Ser Lys Phe 

435 " • . V - . 440 ' 445 

He Pro Glu. Gly. Ser Gin Arcf Val Gly Leu Val Ala Ser Gin Lys Asn 
450 455- 460 

Asp Leu Asp- Ala Val .Ala . Leu Met His Pro Asp Gly Ser, Ala Val Val 
465 ■-• * v:; 470 - 475 . 480 

Val Val h^'-J^ili^^S^'-eBr'lJ^i^^-y^ Pro Leu Thr- He Lys Asp 
>r; ; 485' -V V ' : - ■ 4>.0" 495 

Pro Ala^Val^Gi^-'P^ Ser Pro Gly Tyr Ser He His 

■ : SQ6;^:V^/^.;>r'\ 505 sio 

Thr Tyr Leu ^Trp -His- Arg" Glii 'Asp-Leu Leu Val Asp Thr Met 

•sis. >' ; v'v-:'v. v^ 5 - 20 525 
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